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PEEF  ACE. 


In  conducting  during  the  past  three  years  the  courses  of 
instruction  in  Biology  at  St.  Bartholomew’s  Hospital,  I have 
found  the  want  of  a concise  book  which  could  be  used  as  a 
guide  to  the  practical  laboratory  work.  The  excellent  practical 
books  by  Huxley  and  Martin,  Parker,  and  Bower  and  Vines, 
to  a certain  extent  supply  the  practical  directions,  but  they 
are  imperfect  in  not  treating  of  all  the  types  of  animal  and 
vegetable  life  required  by  an  elementary  student,  nor  are  they 
arranged  on  the  plan  Avhich  I have  found  best  in  teaching. 

This  want  I have  remedied  to  a certain  extent  by  means  of 
short  lithographed  or  printed  directions,  and,  at  the  solicitation 
of  many  of  my  past  students,  I have  resolved  to  amplify  these 
practical  directions,  and  to  publish  them  in  a concise  form. 
The  present  volume  represents  the  first,  or  Vegetable,  part  of  a 
complete  elementary  practical  book  on  Biology,  and  will  be 
found  to  give  practical  directions  for  working  'with  all  the  types 
required  in  the  vegetable  part  of  the  Elementary  Biological 
Examinations  at  the  London  University. 

At  one  time  I contemplated  writing  a text-book  on  Elementary 
Biology,  but  abandoned  this  as  being  not  unlikely  to  foster 

cram,”  and,  feeling  sure  that  all  knowledge  in  Biology  must  be 
acquired  practically,  I have  endeavoured  to  so  write  this  book 
as  to  prevent  “cram.”  For  this  reason  I have  avoided  all 
illustrations. 

The  only  originality  I claim  in  this  book  is  the  arrangement 
and  treatment  of  the  subject.  I have  to  express  my  indebtedness 
to  the  works  of  Sachs,  Huxley  and  Martin,  Vines,  and  Bower 
and  Vines,  which  I have  frequently  made  use  of  for  reference. 


T.  W.  S. 
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ELEMENTAEY  PRACTICAL  BIOLOGY. 


INTEODUCTION. 


The  Student  of  Vegetable  Biology,  who  wishes  to  obtain  a 
real  knowledge  of  the  subject,  can  only  do  this  by  systematic 
laboratory  Avork.  In  performing  the  following  exercises  a 
certain  amount  of  manipulative  skill  is  necessary,  and  this  can 
only  be  acquired  by  practice.  Vegetable  structures  can  sometimes 
be  examined  in  their  fresh  condition,  but  generally  some  prelimi- 
nary preparation  is  necessary.  In  order  to  become  acquainted  with 
these  preliminary  details,  the  student  should  familiarise  himself 
Avith  general  practical  methods  by  carefully  studying  the  folloAving 
account  before  beginning  the  systematic  exercises. 

APPARATUS  REQUIRED. 

The  student  should  provide  himself  Avith  the  folloAving  : — 

1.  A Microscope.  The  £5  5s.  Students’  Microscopes,  by 
Crouch,  of  Barbican,  and  by  Stanley,  are  recommended, 
but  any  simply  constructed  instrument,  provided  Avith 
good  objective  glasses  of  1 inch,  | inch,  or  J inch 
poAver,  together  with  J inch  or  J inch,  Avill  be  found 
to  be  all  that  is  required. 

2.  Dissecting  Needles  mounted  in  Avooden  handles. 

3.  A Razor,  preferably  Avith  the  under  surface  ground  Jiat. 

4.  GameVs  Hair  Brushes. 

5.  Watch-glasses. 

0.  A Section  Lifter. 

7.  A pair  of  Fine  Forceps  and  a small  pair  of  Scissors; 
also  a small  Scalpel. 

3.  Slides,  of  usual  size,  and  thin  Cover-slips. 


PREPARATION  OF  VEGETABLE  TISSUES. 


Vegetable  Tissues  may  be  examined  either  in  the  fresh  state 
or  after  some  preparation.  Most  of  the  structures  required  in 
working  over  the  following  exercises  are  best  if  they  have  been 
previoinsly  kept  in  alcohol.  This  has  the  effect  of — 

1.  Removing  the  green  colouring  matter,  and  so  rendering 

the  tissues  clearer. 

2.  Removing  any  air-bubbles  which  may  happen  to  be  in 

the  tissues  of  a plant. 

3.  Hardening  the  tissues  by  removing  water. 

4.  Preserving  them. 

It  is  convenient,  in  supplying  materials  for  a class,  to  preserve 
in  spirit  plants  or  parts  of  plants  which  might  not  otherwise  be 
obtainable  when  required. 

If  it  is  wished  to  isolate  the  various  kinds  of  cells  which 
compose  a tissue,  it  is  best  to  macerate  the  part  in  Chlorate  of 
Potash  and  Nitric  Acid  (Schultz’  macerating  solution),  which  has 
the  effect  of  dissolving  the  common  cell  wall  and  so  isolating  the 
individual  cells. 

Sometimes  it  is  desirable  to  specially  harden  tissues.  This  is 
done  with  either  Chromic  or  Picric  Acid,  or  with  absolute  Alcohol. 
The  latter  usually  renders  tissues  brittle  and  difficult  to  cut.  To 
obviate  this,  the  object  should  be  placed  in  Glycerin  for  some 
hours  before  it  is  cut.  When  Chromic  or  Picric  Acid  is 
employed,  the  object  should  remain  in  an  excess  of  the  fluid  for 
about  twenty-four  hours  ; should  then  be  washed  in  Alcohol  as 
long  as  any  colour  can  be  extracted,  and  finally  preserved  in 
Alcohol. 


IMBEDDING. 

In  cutting  sections  of  a small  organ  which  cannot  be  conveniently 
held  in  the  fingers,  or  which  is  too  soft  to  permit  of  the  cutting  of 
thin  sections,  it  is  necessary  to  support  the  organ  by  imbedding  it  in 
some  substance  sufficiently  large  to  be  conveniently  held,  and  haixl 
enough  to  enable  thin  sections  to  be  cut.  In  such  cases,  it  is 
convenient  to  place  the  object  between  two  pieces  of  carrot  or 
potato,  or  between  two  layers  of  dry  elder-pith,  and  then  cut 
sections  of  the  imbedding  substance  and  the  object  in  it.  Or 
wax,  of  various  consistency,  may  be  used. 
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If  wax  is  used,  a mixture  of  white  wax  and  olive  oil,  in  equal 
parts,  melted  together  and  run  into  blocks  and  allowed  to  cool, 
should  be  employed. 

Or  a mixture  of  paraffin  wax  and  lard,  in  varying  proportions 
according  to  the  consistency  required,  will  do  as  well.  Cacao 
butter  is  also  used  for  this  purpose. 

When  YOU  wish  to  imbed  a tissue  in  wax  it  should  have 
1/ 

previously  lain  in  spirit  for  a day  or  two.  It  should  then  be 
transferred  to  turpentine,  the  excess  of  spirit  being  removed  with 
blotting-paper.  Then  scoop  a hole  in  the  extremity  of  a lump  of 
wax,  sufficiently  large  to  take  the  object  to  be  imbedded. 

Next,  immerse  the  object  for  a short  time  in  molten  wax  (not 
too  hot),  and  place  in  the  hole  in  the  block  of  wax,  pouring  around 
it  some  molten  wax  so  as  to  cover  the  object.  Allow  to  cool. 
After  cutting  your  sections,  float  them  first  into  turpentine  to 
dissolve  the  wax,  then  into  spirit  before  mounting. 

When  sections  are  cut  with  a microtome,  the  object  may  either 
be  imbedded  m wax  ; or  the  freezing  method  may  be  adopted.  If 
this  method  is  used,  Williams’  microtome  is  employed  ; the  object 
should  be  left  in  water  for  about  twelve  hours  to  abstract  the 
alcohol,  and  then  placed  on  the  metallic  plate  of  the  microtome  in 
a little  gum.  The  gum  soon  becomes  frozen  by  means  of  the  ice 
in  the  microtome,  and  the  object  thus  fixed  for  cutting. 


SECTION  CUTTING. 


In  the  following  exercises  it  is  not  necessary  to  employ  the 
more  perfect  means  for  cutting  sections,  viz..  Microtomes.  All 
that  is  required  is  a sharp  razor.  The  student  should  be  sure 
that  the  razor  is  very  sharp,  and  it  is  preferable  to  have  one  which 
has  been  ground  flat  on  its  under  surface.  Hold  the  razor  firmly 
in  the  right  hand  with  the  fingers  closed  above  the  handle,  whicli 
should  be  kept  in  a line  with  the  blade.  Take  the  object  to  be 
cut,  whether  imbedded  or  not,  between  the  thumb  and  index 
finger  of  the  left  hand.  Support  the  back  of  the  razor  on  the 
index  finger,  and  cut  from  left  to  right,  and  from  heel  to  tip  of 
razor.  Take  care  to  keep  the  blade  and  object  well  wetted  with 
spirit,  and  as  each  section  is  cut,  float  it  from  the  razor  into  spirit 
in  a watch-glass,  by  means  of  a camel’s  hair  brush,  A little 
practice  will  enable  the  student  to  .cut  sufficiently  thin  sections. 


STAINING  OF  SECTIONS. 


Although  most  vegetable  structures  are  to  he  clearly  seen 
without  staining,  yet  it  is  sometimes  desirable  to  render  them 
more  distinct  by  employing  various  staining  fluids.  Those 
staining  reagents  are  of  greatest  value  which  only  colour  certain 
particular  structures,  and  thus  dififerentiate  the  various  tissues 
when  they  are  obscure.  The  stains  most  commonly  used  are — 

I.  Iodine. — This  should  be  employed  in  a watery  solution  with 
Iodide  of  Potassium,  and  stains  protoplasm  dark  hroion,  leaving 
the  cellulose  cell  walls  only  very  faintly  stained,  if  at  all.  It, 
however,  stains  readily  lignified  and  cuticularised  cell  walls. 

II.  Sclmltz'  Solution. — This  is  a very  valuable  solution  as  a 
test  for  cellulose  cell  walls.  These  it  stains  blue,  whilst  lignified 
and  cuticularised  cell  walls  are  stained  by  it  of  a yelloio  or  brown 
colour.  It  also  stains  protoplasm  hroion.  The  cell  walls  in  the 
phloem  of  fibro-vascular  bundles  are  chiefly  of  cellulose,  whilst 
those  of  the  xylem  are  mostly  lignified.  It  is  thus  useful  in 
differentiating  between  these  two  parts  of  the  bundles. 

III.  Hcematoxylin,  or  Logwood. — This  reagent  stains  the  nuclei 
es]3ecially,  also  the  protoplasm  of  the  vegetable  cells;  and  any  of 
the  very  various  solutions  of  logwood  may  be  used.  It  may  be 
employed  either  for  fresh  or  for  preserved  tissues ; but  those 
hardened  in  Chromic  or  Picric  Acid  sometimes  are  difficult  to 
stain  with  this  reagent. 

IV.  Magenta. — This  is  not  a very  valuable  staining  substance, 
as  it  colours  all  the  tissues  alike. 

V.  Carmine. — Either  the  ammoniacal  or  the  borax  carmine  may 
be  employed.  It  is  particularly  useful  to  show  up  the  nuclei  of  cells. 

VI.  Aniline  Colours. — Of  these,  those  chiefly  employed  are 
eosm,  methyl-green,  methyl-violet,  Spiller^s  purple,  fuchsin,  and 
methylene-blue.  Eosin  is  used  as  a stain  for  protoplasm,  and  very 
often  for  demonstrating  the  continuity  of  protoplasm  from  cell 
to  cell,  e.g.,  in  sieve  tubes.  Methyl-green  chiefly  stains  the 
nuclei  and  protoplasm  of  the  cells.  Methyl-violet  is  also  used 
for  staining  protoplasm.  Spiller’s  purple  is  of  value  for  the  same 
purpose.  Fuchsin  is  employed  for  the  staining  of  cell  walls,  and 
particularly  the  cuticularised  cell  walls.  A section  stained  in 
fuchsin  is  decolourised  on  treating  with  alcohol  in  all  parts 
except  the  cuticularised  cell  walls.  Methylene-blue  stains  the  cell 
walls,  and  leaves  the  protoplasm  untouched.  By  employing  two 
stains  which  attack  only  certain  structures,  the  various  parts  may 


be  broiio’ht  out  in  different  colours.  This  method  of  double 

O 

staining  is  very  useful.  Many  of  the  above  aniline  stains  are 
employed  in  the  study  of  bacteria. 

'Whatever  staining  fluid  is  used,  may  be  employed  in  one  of 
two  ways,  (a.)  By  taking  a little  of  the  fluid  in  a watch-glass 
and  placing  the  sections  in  it  for  a time  varying  with  the  strength 
of  the  solution.  It  is  always  best  to  expose  a section  for  a long- 
time to  the  action  of  a dilute  stain,  rather  than  a shorter  time 
with  a stronger  stainino-  fluid. 

(*■)  By  irririation.  This  method  is  employed  when  it  is 
desired  to  watch  the  action  of  a staining  fluid.  A drop  of  the 
fluid  is  placed  on  the  slide  at  one  side  of  the  cover-glass,  and  then 
drawn  through  by  means  Af  a piece  of  blotting-paper  at  the 
opposite  side  of  the  cover. 

PREPARATION  OF  SECTIONS. 

Ordinarily,  it  is  only  necessary,  after  cutting  the  sections,  to 
mount  them  directly  in  some  mounting  fluid.  But  sometimes  the 
sections  are  not  sufficiently  transparent  for  minute  examination, 
especially  with  high  powers ; it  is  then  necessary  to  clear  them, 
i.e.,  render  them  more  transparent.  Most  commonly  this  is 
done  by  means  of  a dilute  solution  of  Potash,  which  causes  cell 
walls  and  protoplasm  to  swell  up.  It  also  dissolves  fat  globules 
by  saponifying  them.  'Wlien  it  is  desired  to  clear  a section  in 
Potash,  it  should  be  placed  in  a little  of  the  solution  in  a watch- 
glass,  and  subsequently  washed  in  water  before  mounting. 

In  the  case  of  sections  of  tissues  which  have  been  hardened  in 
Picric  or  Chromic  Acid,  especially  if  they  have  been  stained 
and  it  is  desired  to  keep  them  permanently,  the  following  process 
is  employed.  After  staining,  they  are  washed  in  water,  then 
placed  in  methylated  spirit,  then  transferred  to  absolute  alcohol. 
The  object  of  this  is  to  dehydrate  the  specimens.  After  lying  in 
absolute  alcohol  for  a few  minutes  they  are  placed  in  oil  of  cloves, 
which  has  the  effect  of  clearing  them.  Specimens  cleared  in  this 
way  should  be  mounted  in  Canada  balsam.  A mixture  of 
turpentine  and  creosote  may  be  employed  instead  of  clove  oil. 

In  working  the  following  exercises,  should  the  student  find  his 
sections  to  be  opaque  he  should,  unless  instructed  to  the  contrary, 
clear  them  in  Potash. 

MOUNTING  OF  SECTIONS. 

\ 

For  examining  sections  with  the  microscope  the  student  will 
require  : — 

Glass  Slides,  three  inches  long  and  one  inch  wide. 
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Cover-glasseti,  of  very  thiu  glass,  about  | inch  in  diameter. 

A Section  Lifter,  consisting  of  small  thin  plate  of  metal 
provided  with  a handle. 

A Needle. 

And  some  suitable  Mounting  Solution. 

When  it  is  desired  simply  to  examine  a tissue  in  its  fresh  state, 
sections  or  objects  can  be  mounted  in  water.  But,  as  a rule,  the 
medium  employed  in  these  exercises  is  glycerin,  or  glycerin-jelly. 
In  mounting  in  glycerin,  take  a drojD  on  the  middle  of  a glass  slide, 
and  then  transfer  the  section  from  spirit,  in  a watch-glass,  to  the 
slide,  by  means  of  a section  lifter. 

Then  carefully  drop  over  the  specimen  a thin  cover-glass.  If 
it  is  desired  to  keep  the  section  permanently,  the  cover-glass 
should  be  painted  round  with  Canada  balsam  or  some  other 
cement. 

Specimens  which  have  been  cleared  by  means  of  potash  should 
be  mounted  in  glycerin.  Sections  stained  in  logwood  may  be 
mounted  either  in  glycerin  or  in  Canada  balsam.  If  in  the  latter, 
they  must  be  previously  cleared  by  the  clove  oil  process.  Those 
stained  in  carmine  may  be  mounted  in  the  same  way.  Sections 
stained  in  the  aniline  dyes  are  usually  mounted  in  Canada  balsam. 
In  all  cases,  if  sections  are  mounted  in  balsam,  they  must  he  cleared 
by  the  clove  oil  method.  In  the  following  exercises,  unless 
d.irections  are  given  to  the  contrary,  the  specimens  should  be 
examined  by  mounting  in  glycerin. 


PREPARATION  OF  REAGENTS. 


1.  Pasteur’s  Solution. 

Ammonium  Tartrate 
Cane  Sugar 
Potassium  Phosphate 
Calcium  Phosphate 
Magnesium  Sulphate 
Water  ... 


•2 

•2 

837-6 


parts. 


1000-0  „ 


Iodine  Solution.  Dissolve  Iodine  and  Iodide  of  Potassium  in 
distilled  water,  and  dilute  with  water  till  the  solution  is  of 
a dark  sherry  colour. 


3.  Logwood  Solution. — Grind  together  in  a mortar  5 grammes  of 
Alum  and  5 grammes  of  extract  of  Logwood,  with  100  c.c.  of 
distilled  water.  Leave  for  24  hours.  Filter  and  keep  in  a 
stoppered  bottle. 

4.  Sclmltz'  Solution. — Dissolve  metallic  Zinc  in  Hydrochloric 
Acid.  Evaporate  slowly  to  a syrup  with  metallic  Zinc. 
Saturate  syrup  with  Potassium  Iodide,  and  then  with  Iodine. 
When  required,  dilute  with  distilled  water  till  the  solution  is 
of  a dark  sherry  colour. 

o.  Canada  Balsam. — Mix  together  equal  parts  of  Canada  Balsam 

and  Chloroform,  and  warm  gently. 

6.  Glycerin. — Ordinary  commercial  Glycerin,  or  this  may  he 
diluted  with  its  bulk  of  water. 

7.  Sulphuric  Acid. — Strong  Sulphuric  Acid  diluted  with  about 
its  bulk  of  distilled  water.  This  may  be  diluted  if  necessary. 

8.  Magenta  Solution. — Dissolve  one  gramme  of  Magenta  in 
500  c.c.  of  water,  and  add  about  10  c.c.  of  Alcohol.  Dilute 
when  required. 

9.  Carmine  Solution. — Dissolve  one  gramme  of  Carmine  in 
12  c.c.  of  water  and  1 c.c.  of  strong  Ammonia.  Dilute  when 
required  with  about  20  times  its  bulk  of  water. 

10.  Borax  Carmine. — One  gramme  of  Carmine  and  four  of  Borax 
are  dissolved  in  50  c.c.  of  distilled  water.  Filter.  Add 
100  c.c.  of  Alcohol. 

11.  Eosin  Solution. — Saturated  alcoholic  solution  of  Eosin. 

12.  Methyl -green  'Solution. — Saturated  alcoholic  solution  of 
Methyl-green,  diluted  when  required. 

1 3.  Methyl-violet  Solution. — Saturated  alcoholic  solution  of 
Methyl-violet,  diluted  when  required  with  water. 

14.  Sjnller’s  Purple  Solution. — A strong  solution  of  Spider’s  purple 
in  water,  diluted  when  required. 

15.  Fuchsin  Solution. — Saturated  alcoholic  solution,  diluted  when 
required. 

16.  Methylene-hlue  Solution. — Saturated  watery  solution,  diluted 
when  required. 

17.  ScJiulPA  Macerating  Solution. — One  gramme  of  Chlorate  of 
Potash  dissolved  in  50  c.c.  of  strong  Nitric  Acid. 

18.  Solution  of  Potash. — Five  grammes  of  Caustic  Potash  dis- 
solved in  100  c.c.  of  water. 
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GENERAL  DIRECTIONS. 

1.  Be  clean  and  tidy  in  your  work,  and  have  all  apparatus, 
slides,  watch-glasses,  cover-slips,  &c.,  scrupulously  clean. 

2.  Always  keep  your  razor  sharp,  and  do  not  allow  fragments 
of  tissue  to  dry  upon  it.  Always  strop  it  in  the  same 
direction. 

3.  In  cutting  sections  always  keep  your  razor  well  wetted. 

4.  Let  your  sections  he  as  thin  as  possible. 

5.  Use  your  section  lifter  to  transfer  sections  from  one  reagent 
to  another. 

6.  Do  not  take  too  much  glycerin  on  your  slide  m mounting  a 
specimen. 

7.  Always  place  a drop  of  the  mounting  fluid  on  your  slide 
before  you  put  your  specimen  on  it. 

8.  See  that  your  lenses  are  always  kept  free  from  dust. 

9.  If  Canada  balsam  accidentally  get  on  to  your  object-glass, 
remove  it  by  means  of  spirit.  Do  not  rub  it  off  with  a 
cloth,  or  your  lens  may  be  scratched. 

10.  Always  be  sure  that  you  see  what  is  described. 

11.  Make  drawings  of  every  object  examined. 


PART  /. 


GENERAL  VEGETABLE  MORPHOLOGY. 


i.  Vegetable  and  Animal  .Cells. 

i.  Take  a drop  of  Pasteur’s  fluid  in  which  some  baker’s 
yeast  has  been  sown  a few  hours  previously:  Place  on  a 

glass  slide  and  cover  with  a thin  cover-glass.  Examine 
with  a high  power  or  ^ inch  objective). 

Observe  : — 

a.  The  size  and  shape  of  the  Torula  cells. 

b.  Their  structure. 

1.  The  cellivall — transparent. 

2.  The  protoplasm — slightly  granular. 

3.  The  vacuole — its  size,  form,  position. 

Draw. 

ii.  Irrigate  your  specimen  with  Iodine  solution. 

Observe  : — 

a.  What  parts  stain.  Cell  wall  remains  unchanged ; 

protoplasm  stains  brown ; vacuole  unaffected. 
h.  Absence  of  any  blue  coloration. 

iii.  Irrigate  another  specimen  with  logwood  or  with  carmine 
solution. 

Observe  : — 

That  the  protoplasm  stains,  the  rest  of  the  cel 
remaining  unaffected. 

iv.  Press  sharply  on  the  cover-glass  of  your  preparation,  and 
examine  again. 

Observe  : — 

a.  The  empty  burst  unstained  cell  wall. 
h.  The  stained  crushed  protoplasm. 

B 
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V.  Place  on  a slide  a drop  of  water  containin"  AmOBbSB. 
Cover  with  a cover-glass  and  examine  with  a high  power. 

Observe : — 

a.  The  size  of  the  Amoebae — variable. 
h.  form — irregular,  changeable. 

c.  The  protrusion  and  retraction  of  pseudo-j^odia.  Draw. 

d.  Structure — 

1.  Sharp  outer  hyaline  transparent  ectosarc ; more 
granular  inner  endosarc. 

2.  Nucleus — a rounded  solid  particle  in  the  endosarc. 

3.  The  vacuole,  lying  in  the  ectosarc.  It  disappears 
rhythmically,  and  then  slowly  reappears. 

4.  Food,  particles  in  the  endosarc. 

vi.  Irrigate  with  Iodine  or  liannatoxylin. 

Observe  : — 
a.  The  vdiole  stains. 
h.  Absence  of  an  unstained  cell  wall. 
c.  No  blue  coloration. 

vii.  Crush.  There  is  no  outer  uncrushed,  burst  cell  wall. 


ii.  Vegetable  Cells — The  Cell  Wall. 

i.  Practise  cutting  sections  on  a piece  of  potato  or  of  carrot. 

ii.  Cut  thin  transverse  sections  of  the  leaf  of  Laurel. 
Mount  in  glycerin,  and  cover. 

Observe : — 

a.  The  characters  of  vegetable  cells. 

h.  The  common  cell  wall,  forming  a very  thin  lamella 
between  adjacent  cells  and  common  to  each. 

c.  The  cuticle  or  outer  cell  wall  of  the  cells  at  the  surface, 

and  forming  a continuous  layer  over  the  surfaces  of 
the  sections. 

d.  Stratification  of  the  cuticle,  i.e.,  the  appearance  of 

lines  in  it,  parallel  to  the  surface  of  the  section,  dm', 
to  the  alternation  of  layers  of  cell  wall  of  difterent 
densities. 
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iii.  Stain  a section  with  Iodine. 

Observe  : — 

The  absence  of,  or  only  slight  staining  of  the  cell- 
wall. 

iv.  Stain  with  Iodine  and  Sulphuric  Acid  (about  25-50  p.c.), 
and  mount  in  water. 

Observe ; — 

a.  The  blue  coloration  of  the  cell  wall  (cellulose.) 
h.  The  yellowish  brown  coloration  of  the  cuticle  (cutin). 

V.  Stain  a section  with  Schultz’  solution,  and  mount  in  water. 
Observe : — 

a.  The  blue  coloration  of  the  majority  of  the  cell  walls 
(cellulose). 

b.  The  yellow  coloration  of  the  cuticle  (cutin). 

vi.  Cut  thin  transverse  sections  of  a piece  of  Cork,  mounting 
them  in  glycerin. 

Observe  : — 

The  empty  shrivelled  cell  walls  devoid  of  protoplasm 
or  nucleus. 

Stain  one  with  Iodine  and  Sulphuric  Acid,  and  mount  in 
water. 

Observe : — 

The  yellowish  broim  coloration  of  the  cell  wall  (cutin). 

Stain  one  with  Schultz’  solution,  and  mount  in  water. 
Observe ; — 

The  yellowish  colour  assumed  by  the  cell  wall. 

vii.  Cut  thin  transverse  sections  of  the  wood  of  Pinus,  and 
stain  one  with  Iodine  alone,  and  another  with  Iodine  and 
Sulphuric  Acid,  mounting  in  water. 

Observe  : — 

The  cell  walls  in  the  former  do  not  stain  ; in  the  latter 
stain  brown  (lignin). 

viii.  Stain  a section  of  the  wood  of  Pinus  with  Schultz’ 
solution,  and  mount  in  water. 

( )bserve  : — 

Yellowish-broivn  coloration  of  the  cell  wall. 
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iii.  Vegetable  Cells— The  Cell  Wall 

(Continued). 

i.  Cut  thin  longitudinal  sections  of  the  stem  of  Oucurbita, 
taking  care  that  the  sections  pass  radially  through  the 
fihro-vascular  bundles.  Mount  some  in  glycerin,  and 
examine  first  with  a low  power,  afterwards  with  a high 
one.  In  the  more  internal  parts  of  the  fihro-vascular 
bundles. 

Observe : — 

The  various  kinds  of  thickening  of  the  cell  walls, 
giving  rise  to  : — 

a.  Spiral  thickenings,  continuous  bands  of  thicken- 
ing projecting  into  the  cell  from  the  inner  surface 
of  the  cell  wall. 

h.  Reticulated  thickenings, 

c.  Annular  „ complete  isolated  rings  of 
thickening. 

In  some  cells  observe,  also,  a regular  dotted  appearance, 
due  to  unthickened  pits  in  the  cell  walls  {pitted-cells). 

Draw  carefully  the  various  kinds  of  thickening. 

ii.  Cut  thin  longitudinal  sections  of  the  rhizome  of  Ptsris 
(Bracken  fern),  taking  care  that  the  sections  pass  through 
the  fihro-vascular  bundles. 

Observe  : — 

a.  Certain  large  elongated  cells  (united  into  vessels), 
with  regular  transverse  thickenings  in  their  walls 
(scalariform  tliickening). 

Carefully  draw  one  of  these. 

h.  Other  vessels  (less  numerous),  having  a continuous 
spiral  thickening  in  their  cell  walls, 

iii.  Cut  thin  transverse  sections  of  the  wood  of  Pinus.  Mount 
in  glycerin,  and  examine  with  your  highest  power. 

Observe  : — 

The  bordered  pits,  lenticular-shaped  spaces  in  the  cell 
walls.  These  spaces  communicate  with  the  cavities  of 
the  adjacent  cells,  and  are  traversed  by  the  common 
cell  wa,ll  (usually  deflected  to  one  side). 
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iv.  Cut  thin  lonrjitudinal  sections  of  the  wood  of  Pinus, 
talving  care  that  your  sections  are  radial  in  direction. 

Observe  : — 

The  bordered  pits,  which  appear  as  small  dots  on  the 
surfaces  of  the  elongated  cells,  like  the  dots  on  some 
of  the  vessels  of  the  Cucurbita,  but  surrounded  by  a 
ring. 

V.  Draw  these  bordered  pits  as  seen  in  longitudinal  and  trans- 
verse sections  of  the  wood. 


iv.  Vegetable  Cells— The  Cell  Wall. 

(Continued). 

i.  Cut  thin  transverse  sections  of  the  leaf  of  PinuS. 
jMount  in  glycerin,  and  examine  with  a high  power. 

Observe : — 

a.  The  outermost  layer  of  cells  (epidermis)  covered  by 
an  outer  cuticularised  cell  wall,  exhibiting  stratifica- 
tion. 

h.  The  cells  immediately  beneath  the  epidermis  {hypo- 
dermis)  whose  walls  are  much  thickened.  In  them, 
note : — 

1.  The  thin  common  cell  wall,  or  middle  lamella. 

2.  The  much  thicker  stratified  thickening  of  the 
cell  wall.  It  is  equal  on  all  sides,  and  presents  a 
few  straight  canals  {pits)  passing  through  it  and 
terminating  at  the  common  cell  wall.  The 
thickening  is  uniform,  and  gives  to  the  cell  wall 
a bright  highly  refractive  appearance. 

3.  Granular  cell  contents. 

ii.  Cut  very  thin  transverse  sections  of  the  leaf  of  Ilex 
aquifolium  (holly),  taking  care  that  the  sections  pass 
through  the  large  leaf  veins  on  the  under  side  of  the  leaf. 
Treat  a section  with  Schultz’  solution,  and  mount  in  water 
or  in  Schultz’  solution.  In  the  epidermis  covering  the 
veins  on  the  under  side  of  the  leaf. 
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Observe : — • 

The  cell  wall  made  up  of  two  zones,  an  inner  one 
stained  Uue^  and  completely  surrounding  each  cell ; 
and  an  outer  one  extending  continuously  over  all  the 
cells  (cuticle),  and  again  distinguished  into  an  inner 
layer  stained  hroivn,  and  an  outer  one  unstained.  In 
both  zones  note  the  stratification,  and  in  the  cuticle 
observe  a few  radiating  lines  at  right  angles  to  the 
surface  (striation),  due  to  different  densities  of  the 
parts  of  the  cell  wall. 


iii.  Study  and  draw  specimens  of : — 

a.  Pollen  grains  of  Oichorium  Intybus,  treated  with 
spirit  and  mounted  in  glycerin. 

Observe : — 

External  markings  due  to  thickenings  on  the 
exterior  of  the  cell  walls. 

h.  Pollen  grains  of  Helianthus,  mounted  in  glycerin. 
Observe : — 

External  spinose  thickenings  of  the  cell  wall. 

c.  Cells  from  the  rhizome  of  Pteris,  obtained  by  macera- 
tion with  Nitric  Acid  and  Chlorate  of  Potash  (which 
dissolves  the  common  cell  wall),  and  teased  in  a drop 
of  glycerin. 

Observe : — 

1.  Form  of  cells  (polyhedral,  or  elongated  and 
pointed  at  their  extremities,  or  united  together 
by  perforation  of  their  transverse  septa,  so  as  to 
form  vessels). 

2.  The  kind  of  thickening. 

3.  The  pits  (where  present). 

4 Layers  of  the  cell  wall. 

5.  Stratification  (if  present). 


V.  Vegetable  Cells  — Protoplasm  — 
Movements. 

i.  Mount  in  water  a piece  of  a filament  of  Spirogyra. 
Examine  with  a low  power  first,  afterwards  with  a high 
one. 

Observe  : — 

a.  Somewhat  elongated  cells,  placed  end  to  end,  so  as  to 
form  a single  rov\ 

h.  Cell  wall  between  adjacent  cells,  common  to  each. 
c.  In  each  cell  : — 

1.  Cell  vmU. 

2.  Protoplasm,  the  greater  part  of  which  forms  a 
layer  immediately  beneath  the  cell  wall 
mordial  utricle).  From  the  primordial  utricle, 
threads  of  protoplasm  pass  to  some  protoplasm 
placed  near  the  centre  of  the  cell.  (These  are 
sometimes  difficult  to  make  out.) 

3.  The  spirally  twisted  band  of  chloropliyll,  in  the 
l)rimordial  utricle,  with  round  starch  grains,  and 
globules  of  oil  in  it. 

4.  The  nucleus,  lying  in  the  central  mass  of  proto- 
})lasm  (often  indistinct). 

5.  The  large  vacuole,  internal  to  the  primordial 
utricle  and  traversed  by  the  strands  of  proto- 
plasm passing  from  it  to  the  nucleus.  The 
vacuole  contains  the  colourless  cell  sap. 

ii.  Irrigate  Avith  Iodine  ; or  treat  a filament  with  alcohol  to 
dissolve  the  chlorophyll,  and  stain  Avith  carmine. 

Observe  : — 

The  staining  of  the  protoplasm  and  nucleus ; cell 
walls  remaining  unstained. 

If  there  are  any  starch  grains  in  the  chlorophyll  band, 
these  are  stained  blue  Avith  Iodine. 

iii.  Snip  off  Avith  a pair  of  scissors  the  termination  of  a leaf  of 
Nitella.  Mount  in  Avater,  and  cover.  Examine  Avith  high 
poAver.  In  one  of  the  cells, 

Observe  : — 

a.  The  outer  layer  of  the  primordial  utricle,  in  Avhich 
the  regularly  arranged  chlorophyll  bodies  lie. 
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h.  A white  line,  passing  obliquely  in  the  longitudinal 
direction  of  the  cell,  caused  bv  the  absence  of  chloro- 
phyll. 

<\  The  deeper  layer  of  the  primordial  utricle  (seen  on 
focusing  through  the  outer  layer).  It  is  slightly 
granular,  and  exhilhts  well  marked  currents^  which 
pass  in  a longitudinal  direction  up  one  side  of  the 
white  line  and  doAvn  the  other  {rotation).  In  the 
colourless  line  and  in  the  outer  layer  of  the  primordial 
utricle,  no  movement  is  seen. 

iv.  Mount  in  water  one  of  the  stellate  hairs  on  the  calyx  of 
the  young  flower  of  Alth08a  Rosea.  In  each  ceU, 

Observe : — 

Movement  of  the  protoplasm  from  the  primordial 
utricle  along  the  strands  connecting  it  with  the 
central  protoplasm  near  the  nucleus,  and  back  again. 
In  some  of  the  strands  it  is  seen  to  flow  in  both 
directions,  in  others  in  one  or  other  direction. 
{circulation.) 


vi.  Vegetable  Cells— Starch — Chloro- 

phyll. 

i.  Cut  thin  sections  of  the  tuber  of  Potato,  and  mount  in 
water.  Examine  with  high  j)ower. 

Observe  ; — 

a.  Cellulose  cell  walls,  containing — 
h.  Eccentrically  oval  starch  grains.  In  each,  note 

1.  The  hilum  (eccentric). 

2.  The  layers  arranged  around  it. 

c.  In  some  starch  grains,  note  two  hila  and  two  systems 
of  layers,  surrounded  externally  by  layers  as  in  the 
simple  grains  {conqwund  starch  grains). 

(1.  Some  grains  have  several  hila. 

ii  Irrigate  with  Iodine  solution. 

Observe  ; — 

The  blue  coloration  assumed  by  the  starch  grains. 
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iii.  Cut  tliin  transverse  sections  of  the  seed  of  Phaseolus 
(kidney  bean),  previously  soaked  in  water. 

Observe  : — 

Concentrically  oval  starch  grains. 

Stain  with  Iodine. 

In  the  seed  of  Phaseolus  which  has  been  dried,  the 
starcli  grains  often  present  the  dark  central  radiating 
rupture  described  in  iv. 

iv.  Treat  some  starch  grains  from  Potato  with  Sulphuric  Acid. 

Observe : — 

The  appearance  of  a dark  radiating  rupture  in  the 
situation  of  tire  hilum  (showing  that  this  is  the  most 
watery  part  of  the  grain). 

V.  jMount  in  water  a thin  section  of  a softened  seed  of  Zoa 

mais. 

Observe  : — 

a.  The  cells,  containing — 

h.  Closely  packed  lenticular  starch  grains  compressed  into 
hexagonal  sliape. 

vi.  Observe  the  lenticular  starch  grains  in  the  seed  of 

Triticum  (wheat). 

Stain  with  Iodine. 

vii.  Study  the  starch  grains  of  Arrowroot,  Barley,  &c.,  &c. 

V'iii.  Cut  thin  transverse  sections  of  leaf  of  Laurel.  Mount 
one  in  glycerin  fresh,  and  a second  in  glycerin,  after 
soaking  for  ten  minutes  in  strong  alcohol. 

Observe  : — 

In  a.  The  chil oro^pUyll  corpuscles,  lying  in  the  primordial 
utricle  of  the  cells  (nejt  in  the  epidermal  cells). 

In  h.  Yelloioisli  coloured  bodies  in  situation  of  cldorophyll 
bodies  in  a.  (The  alcohol  has  dissolved  the  green 
colouring  matter  and  left  the  protoplasmic  ground 
untouched). 

ix.  Stain  a section  treated  like  specimen  (h),  with  Iodine  or 
with  Carmine  solution. 

Observe  : — 

Tlie  protoplasmic  matrix  of  the  chlorophyll  corpuscles 
stains  like  the  rest  of  the  protoplasm. 

X.  Study  in  the  same  way  the  chlorophyll  bodies  iji  the 
Ohara  ; also  those  of  Spirogyra. 
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vii.  Vegetable  Cells— Aleurone  Grains, 
&c. 

i.  Cut  thin  sections  of  the  seed  of  Ricinus.  Mount  one  in 
strong  glycerin,  another  in  dilute  glycerin,  a third  i]i 
alcohol  after  treatment  with  Sulphuric  Acid,  and  stain  a 
fourth  in  Iodine,  mounting  it  in  alcohol. 

Observe  ; — 

In  a.  The  aleurone  grains,  containing  (in  some  cases) 
globoids. 

In  h.  The  crystalloids  in  the  aleurone  grains. 

In  c.  Empty  spaces  surrounded  by  a network  of  protoplasm 
(aleurone  grains  having  been  destroyed  by  Sulphuric 
Acid). 

In  d.  The  aleurone  grains  stained  yelloio  or  yellowish-broim. 

ii.  Mount  some  thin  sections  of  the  seed  of  RicinUS  in 
alcohol,  and  then  irrigate  with  a saturated  solution  of 
common  salt. 

Observe : — 

The  solubility  of  the  aleurone  grains. 

iii.  Mount  similar  sections  in  alcohol  and  irrigate  with  potash 
solution. 

Observe : — 

The  solubility  of  the  aleurone  grains  and  the  crystal- 
loids. 

iv.  Cut  thin  sections  of  the  Brazil  Nut.  Mount  in  saturated 
solution  of  salt  without  j^reviously  treating  with  alcohol. 

Observe ; — 

The  aleurone  grains  have  been  dissolved,  globoids 
insoluble. 

A'.  Mount  similar  sections  in  alcohol. 

Observe  : — 

a.  The  aleurone  grains,  in  their  typical  form. 
h.  The  large  oil  globules. 

Protoplasm  and  cell  walls  of  the  cells. 
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vi.  Test  tlie  solul)ility  of  the  gloljoids,  left  in  speeinieii  iv,  witlk 
dilute  Acetic  Acid  ; they  dissolve.  Globoids  are  composed 
of  a double  phosphate  of  lime  and  magnesia. 

vii.  Examine  and  drav’  the  following  ; — 

a.  Raphides  (Calcium  Oxalate),  consisting  of  needle- 
shaped  crystals,  from  the  leaf  of  Hyacinthus. 

h.  Octahedral  cr3'stals  of  Oxalate  of  Lime,  from  the- 

petiole  of  Begonia. 

c.  Cifstoliths.  These  are  not,  properly  speaking,  con- 
tents of  cells,  but  are  made  up  of  clusters  of  crystals  of 
Carbonate  of  Lime  deposited  in  ingrowths  of  the  cell 
walls.  They  are  well  seen  in  sections  of  the  leaf  of 
Ficus  elastica,  where^they  are  found  as  irregular 
globular  bodies  suspended  by  a sort  of  stalk,  in  the- 
cells  just  beneath  the  upper  layer  of  epidermis. 


viii.  Vegetable  Tissues. 

I 

i.  Cut  longitudinal  sections  through  the  aj^ical  region  of 
the  rhizome  of  Pteris.  Mount  in  glycerin  and  examine 
with  a low  power. 

Observe  : — 

a.  Near  the  apex,  a large  number  of  small  closel}' 
packed  rounded  or  iDolyhedral  cells.  In  each  cell,, 
notice  the  thin  cell  wall  and  the  protoplasmic  contents. 
All  the  cells  in  this  part  are  alike,  and  are  generating 
cells  {ineristem). 

h.  Trace  the  cells  which  form  the  outermost  layer 
downwards  from  the  a[)ex.  They  change  their  form 
gradually  as  you  proceed  from  the  apex,  becoming 
more  elongated  and  flattened  {dermatoejen  passing  into- 
epid,ermis). 

c.  Trace  also  the  cells  of  the  inner  layers  downwards  ;; 
some  of  them  are  seen  to  gradually  become  elongated,, 
spindle  shaped,  and  acquire  thicker  cell  walls  {prosen- 
chyma).  Others  hecome  elongated  and  fuse  together, 
and  acquire  scalariform  or  spiral  thickenings  in  their 
walls  i^oessels).  Others  retain  their  thin  cell  walls., 
but  become  larger  {parenchyma).  All  these  varieties, 
of  cells  are  permanent  tisme. 
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ii.  Cut  longitudinal  sections  of  the  rhizome  of  Pteris.  Mount 
in  glycerin  and  examine  first  with  a low,  and  then  with  a 
high  power. 

Observe  : — 

a.  The  general  ground  tissue,  made  up  of  cells  whose 
diameters  are  about  equal  in  each  direction ; they 
have  thin  cell  walls,  and  contain  protoplasm  and  starch 
grains.  In  the  cell  wall  common  to  the  adjacent 
cells,  note  spaces  here  and  there  [intercellular  sjMce-s). 
These  cells  constitute  the  form  of  tissue  called 
Ijarenchyma. 

b.  In  the  ground  tissue,  are  masses  of  cells  of  brown 
colour,  which  are  seen  to  he  elongated  and  fusiform. 
They  overlap  each  other  at  their  extremities,  and  no 
intercellular  spaces  are  seen.  They  constitute  the 
form  of  tissue  called  prosenchyma.  They  have  their 
cell  walls  much  thickened  and  hardened,  and  hence 
constitute  that  variety  of  prosenchyma  called  the 
sderencliymatous. 

c.  In  the  ground  tissue  also  are  masses  of  cells  of 
yellowish  colour,  distinguishable  into  several  layers 
[fthro-vascular  bundles).  In  them,  note  the  elongated 
cells,  with  scalariform  thickening  in  their  walls  and 
communicating  with  each  other  at  their  extremities. 
These  are  examples  of  vascular  tissue,  vessels  or 
tracliecB. 

iii.  Observe  the  same  forms  of  tissue  in  transverse  sections  of 
the  rhizome. 

*iv.  Cut  longitudinal  radial  sections  of  the  wood  of  the  stem 
of  Pinus.  Examine  with  a high  power,  in  glycerin. 


Observe  : — 


a.  The  elongated  cells  of  prosenchyniatous  form  with 
thick  walls,  and  presenting — 

b.  Bordered  pits  13). 

c.  In  the  place  of  bordered  pits,  at  certain  parts  of  the 
fibres,  are  seen  groups  of  large  quadrilateral  or  rounded 
areas  in  the  walls  of  the  fibres.  These  are  in  the 
position  of  the  medullary  rays  (see  Pinus). 

Such  cells  are  called  tracheides. 
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ix.  Varieties  of  Parenchyma. 

i.  Study  the  typical  parenchyma  in  sections  of  the  rhizome  of 

Pteris,  or  of  the  pith  of  Helianthus  or  Elder. 

Observe : — ■ 

Thin-walled  cells,  of  about  equal  diameters  in  both 
directions,  and  having  triangular  intercellular  spaces  in 
the  midst  of  the  connhon  cell  walls  of  adjacent  cells. 

ii.  Cut  thin  transverse  sections  of  tlie  petiole  of  BegOnia  or 

of  Helianthus. 

Observe  : — 

a.  The  outermost  layer  of  tissue  {epidermis). 

b.  Immediately  beneath  the  epidermis,  note  some  paren- 
chymatous cells,  the  angles  of  the  cells  of  which  pre- 
sent triangular  bead-like  thickenings  in  their  cell  walls 
{coll  end ly  ma) . 

iii.  Cut  thin  transverse  sections  of  the  leaf  of  Laurel,  and 

mount  in  glycerin. 

Observe  : — 

a.  The  pallisade  parenchyma,  consisting  of  cells  arranged 

i in  a ])risniatic  manner,  just  beneath  the  upper  la^^er 
of  epidermis  and  containing  chlorophyll. 

h.  Spongy  parenchyma,  near  the  lower  layer  of  epidermis, 
and  consisting  of  rounded  loosely  arranged  cells, 
between  which,  are  large  intercellular  spaces.  The 
cells  contain  chlorophyll  corpuscles. 

iv.  Cut  thin  transverse  sections  of  the  leaf  of  Pinus,  mount- 
ing in  glycerin. 

Observe  ; — 

a Tliick-walled  cells  just  beneath  the  epidermis  {scleren- 
chymatous  parenchyma).  They  present  a highly  re- 
fractive, bright  appearance,  and  have  little  cell 
contents. 

h.  Beneath  this  layer,  some  thin-walleil  cells,  whose  walls 
are  folded  so  as  to  fonn  projections  into  the  interior 
of  the  cells  {folded,  parenchyma).  The  cells  have  very 
distinct  protoplasm,  and  small  oval  chlorophyll  cor- 
puscles. 
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V.  In  sections  of  the  stem  of  Juncus, 

Observe : — 

Stellate  parencliyma,  consisting  of  star-shaped  cells 
united  together  by  the  rays  of  the  stars,  and  having 
large  triangular  or  quadrilateral  intercellular  spaces. 

vi.  Carefully  draw  all  these  varieties  of  parenchyma,  taking 
care  to  draw  the  cells  with  a double  contour  to  the  cell 
walls,  and  to  correctly  draw  the  intercellular  spaces  where 
present. 


X.  Systems  of  Tissues  — Epidermal 
Tissue. 

i.  Strip  off  a piece  of  epidermis  from  the  under  surface  of 
the  leaf  of  Laurel.  Soak  for, a few  minutes  in  sj3irit, 
and  mount  in  glycerin.  Examine  with  a high  power. 

Observe  : — 

a.  The  ordinary  epidermal  cells,  forming  a kind  of  pave- 
ment, each  cell  with  a somewhat  sinuous  outline,  and 
a definite  bright  cell  wall  with  a double  contour. 

h.  Absence  of  chlorophyll  in  the  epidermal  cells. 

c.  The  stomata — elliptical  openings,  scattered  here  and 
there,  between  the  epidermal  cells. 

d.  The  (fuard  cells — two  kidney-shaped  cells  which  sur- 
round-the  stomata,  and  are  different  in  appearance  from 
the  ordinary  epidermal  cells.  On  careful  focusing,  it 
is  seen  that  they  are  on  a different  level  to  the  ordinary 
epidermal  cells,  being  depressed  below  the  surface. 

e.  Presence  of  granular  contents  in  the  guard-cells. 

ii.  Cut  thin  transverse  sections  of  the  leaf  of  Dianthus 
Caryophyllus.  Mount  in  glycerin.  Examine  with 
high  power,  studying  only  the  surfaces  of  the  sections. 

Observe  : — 

a.  The  cuticle,  or  distinct  outer  thickened  cell  wall  of 
epidermal  cells,  presenting  stratification. 

h.  The  ejyidermal  cells,  forming  a single  layer,  distinct 
from  the  fundamental  tissue  beneath.  Note  the 
absence  of  chlorophyll  in  the  epidermal  cells,  and  its 
presence  in  the  cells  of  the  fundamental  tissue. 
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c.  The  stomata,  appearing  as  distinct  openings  in  tlie 
surface  and  traceable  into  an  intercellular  space  in  the 
fundamental  tissue. 

d.  The  guard  cells — two  cells  depressed  below  the  surface 
of  the  other  epidermal  cells  and  bounding  each  stoma. 
These  two  cells  contain  chlorophyll  and  starch.  !N^ote 
their their  cell  walls  and  contents. 

iii.  Cut  thin  transverse  sections  of  the  stem  of  GsraniuiU. 
]\Iount  in  glycerin,  and  examine  the  surfaces  of  the 
sections. 

Study  : — 

a.  The  epidermal  cells,  distinct  from  the  parenchymatous 
cells  beneath. 

h.  The  hairs.  Note  that  each  hair  arises  from  the 
epidermis,  and  has  no  deeper  attachment.  Some  of 
them  are  elongated,  pointed  at  their  extremities,  and 
have  thick  cell  walls ; others  are  terminated  by  large 
globular  cells  Avith  dark  granular  contents ; others  are 
short,  small,  and  globular  at  their  extremities,  and 
dark  in  colour  {rjlandular  hairs). 

iv.  Study  the  various  stages  in  the  development  of  stomata 
and  guard  cells,  in  the  epidermis  of  the  young  leaf  of 
Hyacinthus,  by  stripping  off  the  distinct  epidermal  layer, 
and  mounting  it  in  glycerin. 

Observe  : — 

a.  The  form  of  the  epidermal  cells — large,  elongated, 
Avith  definite  angles,  quadrilateral. 

h.  Stage  i. — Certain  square  cells  Avhich  have  been  divided 
off  from  the  longer  quadrilateral  cells,  and  lie  in  roAvs 
interrupted  by  the  ordinary  epidermal  cells. 

c.  Stage  ii. — The  division  of  these  square  cells  by  a thin 
partition  Avail  in  each,  formed  longitudinally. 

d.  Stage  iii. — A central  thickening  of  this  thin  partition 
Avail. 

e.  Stage  iv. — Formation  of  a longitudinal  slit  in  the 
midst  of  this  thickened  part  of  the  partition.  This 
slit  extends  completely  through  the  depth  of  tlie 
partition,  and  forms  the  stoma. 

/.  Stage  v. — Bounding  off  of  the  tAvo  cells,  to  form  the 
Ividney-shaped  guard,  rrlts. 
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xi.  Fundamental  Tissue. 

i.  Recapitulate  the  varieties  of  parenchyma  described  at  page  21.. 

ii.  Make  thin  transverse  sections  of  the  petiole  of  Begonia, 
mount  in  glycerin,  and  examine  the  fundamental  tissue- 
immediately  beneath  the  epidermis  (Hypoderma). 

Observe : — 

That  it  consists  of  collendiyma,  and  appears  different 
from  the  rest  of  the  fundamental  tissue  (the  cells 
being  smaller). 

iii.  Make  thin  transverse  sections  of  the  leaf  of  Pinus,  mount 
in  glycerin,  and  examine  the  Hypoderma. 

Observe  ; — 

That  it  is  sclerenchymatous,  and  that  the  cells  have 
extremely  thick  walls. 

iv.  Malce  thin  transverse  sections  of  the  stem  of  Helianthus 
or  of  Ricinus.  Examine  the  outer  surfaces  of  the  fibro- 
vascular  bundles,  and  the  general  fundamental  tissue. 

Observe  : — 

a.  That  the  general  fundamental  tissue  is  made  up  of  large 
parenchymatous  cells,  with  thin  cell  walls,  and  having' 
intercellular  spaces. 

h.  The  hundle-sheatli  or  endodermis,  consisting  of  a single 
layer  of  small  cells  belonging  to  the  fundamental  tissue, 
lying  outside  the  ring  of  fibro-vascular  bundles  and 
forming  a common  sheath  for  all  the  fibro-vascular 
bundles.  It  does  not  surround  each  separate  bundle. 
The  cells  are  much  smaller  than  the  rest  of  the  funda- 
‘ mental  tissue,  which  is  seen  to  consist  of  ordinarv 
thin-walled  parenchyma ; and  they  contain  small 
starch-grains.  It  is  sometimes  called  the  starch-ring. 

The  radial  walls  of  the  cells  of  the  bundle-sheath  are 
cuticularised,  and  present  a characteristic  appearance 
of  a hlach  dot. 

V.  Make  thin  transverse  sections  of  the  root  of  Vicia  Paba, 
mount  in  glycerin,  and  study  the  endodermis  which  lies 
outside  the  pericambium  of  the  fibro-vascular  lumdles,  and 
is  a portion  of  the  fundamental  tissue. 
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vi.  Make  thin  transverse  sections  of  the  stem  of  Juncus. 
Examine  the  tissue  around  the  fihro-vascular  bundles,  in 
the  peripheral  parts  of  the  sections. 

Observe  : — 

That  each  fibro-vascular  bundle  (which  is  closed)  is 
completely  surrounded  by  several  layers  of  cells,  which 
have  a bright  appearance,  and  whose  walls  are  very 
thick  and  sclerenchymatous.  This  is  the  so-called 
external  sheath.  It  is  quite  different  from  the  endo- 
dermis  of  Ricinus. 

vii.  Examine  the  dark  brown  sclerenchymatous  ring  of  prosen- 
chyma  belonging  to  the  fundamental  tissue,  in  trans- 
verse and  longitudinal  sections  of  the  rhizome  of  Pteris. 
Also  examine  some  of  the  cells  obtained  from  this  layer  by 
maceration  in  Schultz’  macerating  solution. 

Observe  : — 

a.  That  the  cells  ?ive  prosenchymatous  in  form. 
h.  Their  walls  are  much  thickened  and  stratified. 

c.  There  are  pits  in  the  thickened  wall, 

d.  In  addition  to  the  common  cell  wall,  there  are  two 
other  layers  of  thickening,  special  to  each  cell. 

viii.  Cut  thin  transverse  sections  of  the  young,  and  also  of  the 
older  stem  of  Hedera  Helix.  Examine  with  a high 
power. 

Observe  : — 

a.  In  the  cortical  fundamental  tissue  and  in  the  soft  bast, 
a few  dark  coloured  cells  surrounding  an  intercellular 
space.  In  very  young  cases,  the  intercellular  space  is 
absent,  and  groups  of  four  dark  coloured  cells  are 
seen. 

b.  In  older  sections,  observe  that  the  coloured  cells  are 
small  and  numerous,  and  that  the  space  is  larger. 
The  space  represents  the  transverse  section  of  a resin 
duct.  It  is  formed  by  separation  of  cells,  and  is  there- 
fore said  to  be  of  schizofjenous  origin ; and  as  the  duct 
enlarges  the  surrounding  cells  undergo  division. 

ix.  Observe  similar  resin  ducts  in  the  leaf  of  Pinus,  seen  on 
making  transverse  sections,  and  examining  in  glycerin  with 
a high  power. 

c 
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X.  Cut  thin  longitudinal  sections  of  the  root  of  Taraxacum. 
Stain  in  logwood  or  carmine,  clear  in  potash  and  mount  in 
glycerin. 

Observe  : — 

The  laticiferous  vessels,  consisting  of  long  hranclied 
rows  of  cells,  the  walls  separating  which,  have  heen 
absorbed.  These  lie  in  the  phloiim  or  cortex,  and 
their  contents  are  darker  than  those  of  the  other  cells. 

xi.  Cut  thin  longitudinal  sections  of  the  stem  of  Euphorbia. 
Observe : — 

The  laticiferous  cells,  consisting  of  much  branched  cells 
having  thick  walls  and  dark  granular  contents,  amongst 
which  are  found  peculiar  starch  grains  of  a dumb-bell 
form.  They  lie  in  the  cortical  fundamental  tissue. 


xii.  Systems  of  Tissues— Fibre- Vascu- 
lar Bundles. 

i.  Cut  transverse  sections  of  the  rhizome  of  Pteris  aqui- 
lina.  Mount  in  glycerin,  and  examine  with  a low  power. 

Observe  ; — 

a.  The  general  ground  tissue,  made  up  of  thin-walled 
colourless  cells  containing  starch  grains.  Just  beneath 
the  epidermis,  the  cells  of  the  ground  tissue  are  of 
dark  brown  colour. 

1).  The  sclerenchyma,  forming  a dark-coloured  horse-shoe 
shaped  mass  of  cells  with  thick  walls,  lying  in  the 
general  ground  tissue. 

These  two  form  the  fundamental  tissue. 

c.  The  epidermis. 

d.  The  fihrn-vascidar  bundles,  consisting  of  isolated 
masses  of  cells  of  a yellowish  colour  lying  in  the 
fundamental  tissue.  They  have  no  definite  arrangc- 
nient,  and  have  a more  or  less  elliptical  form. 

ii.  Examine  with  a high  power,  one  of  the  fibro-vascular 
bundles,  and  make  out  the  following  layers  from  without 
inwards : — 
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a.  The  bundle  sheath,  consisting  of  a single  layer  of  cells 
of  the  fundamental  tissue,  usually  of  a dark  brown 
colour. 

b.  The  phloem,  a stratum  of  cells  consisting  of  several 
layers,  passing  completely  round  the  bundle,  inside 
the  bundle  sheath.  The  cells  are  thin  Availed,  some 
of  them  small,  others  larger. 

c.  The  xylem,  occupying  the  AAdiole  of  the  central  part 
of  the  bundle,  and  consisting  chiefly  of  large  polygonal 
cells  Avith  thick  Avails,  and  of  smaller  cells  near  the 
central  parts  of  the  bundle. 

This  arrangement  of  the  phloem  as  a complete  layer 
surrounding  the  xylem  is  knoAvn  as  the  concentric 
arrangement. 


iii.  Stain  a section  in  Schultz’  solution,  and  mount  in  Avater. 

Observe  : — 

a.  The  general  ground  substance  has  its  cell  AA’^alls  stained 
blue  (cellulose). 

b.  The  cell  Avails  of  the  bundle  sheath  become  broimer 
than  Avhen  unstained  (ciitin). 

c.  Those  of  the  pliloiim  are  stained  blue. 

d.  Those  of  the  xylem  are  stained  yellow  (lignin), 

e.  The  cell  contents  stain  brown,  except : — 

f.  The  starch-grains,  Avhich  stain  blue. 

iv.  Examine  the  phloem  and  xylem  more  carefully,  making 

out  in  order  from  Avithout  iiiAvards  : — 

a.  The  bast  sheath,  a single  layer  of  thin-Avalled  cells, 
containing  protoplasm  and  starch  granules,  and  lying 
just  inside  the  bundle  sheath. 

b.  The  layer  of  small  cells,  consisting  of  bast  fibres, 
having  very  thick  Avails  and  small  cell  cavities,  inter- 
mixed Avith  bast  pare^ichyma,  consisting  of  thin- 
Avalled  cells  containing  protoplasm. 

c.  The  layer  of  larger  thin-walled  cells  more  internal  to 
b and  just  external  to  the  very  large  cells  of  the 
xylem.  These  are  the  bast  vessels  or  sieve  tubes. 
They  contain  protoplasm. 

d.  The  large  cells  of  the  xylem,  having  thick  cell 
walls,  more  especially  at  their  margins.  These  are 
scalariform  vessels.  They  have  no  cell  contents. 
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e.  Smaller  cells  near  the  centre  of  the  hunclle,  tliin 
walled  and  containing  starch  grains.  Tliese  constitute 
the  xylem  j)arenchyma,  lying  in  which,  are  one  or  two 
sjnral  vessels  which  are  the  oldest  elements  of  the 
xylem,  and  may  therefore  be  called  i>rotoxylem. 

V.  Cut  thin  longitudinal  sections  through  a fibro-vascular 
bundle  in  Ptoris,  and  examine  with  a high  power  in 
glycerin,  making  out  the  layers  of  cells  descril^ed  under  iv. 

Tire  bundle  sheath  and  the  bast-sheath  are  seen  to 
consist  of  parenchymatous  cells. 

The  bast  fibres  are  seen  to  be  elongated  and  'prosen- 
chymatous,  and  to  have  thickened  walls. 

The  hast  vessels  are  long,  have  thin  walls,  and  upon 
their  longitudinal  walls  present  numerous  triangular 
areas  having  a dotted  appearance,  due  to  perforations 
in  these  positions  {sieve  plates). 

The  scalariform  vessels  consist  of  long  cells,  over- 
lapping at  their  extremities  and  having  regular  trans- 
verse thickenings  in  their  walls.  {Vide  page  12.) 

The  xylem  parenchyma  has  the  appearance  of  ordinary 
parench^miatous  tissue,  and  the  spiral  vessel,  which 
may  be  cut  in  the  section,  has  the  ordinary  structure 
of  a spiral  vessel. 


xiii.  Systems  of  Tissues— Fibro- Vascu- 
lar Bundles  (Continued). 

i.  Cut  thin  transverse  sections  of  the  young  stem  of  Helian- 
thus  (Sunflower),  and  examine  with  a low  power  in 
glycerin. 

Observe : — 
a.  Epidermis. 

1).  Fundamental  tissue  of  parenchymatous  cells. 

c.  Fihro-vascidar  bundles.  These  are  masses  of  cells 
distinctly  marked  off  from  the  fundamental  tissue  and 
lying  imbedded  in  it.  They  form  a riiiy,  interrupted 
by  strands  of  fundamental  tissue  which  pass  between 
the  bundles.  The  ring  of  fibro-vascular  bundles 
divides  the  fundamental  tissue  into  two  parts — tlie 
central  mass  called  the  medulla^  and  the  peripheral 
part,  lying  between  the  fibro-vascular  bundles  and  the 
epidermis,  called  the  cortex.  The  strands  of  funda- 
mental tissue  lying  between  the  bundles  are  the 
primary  medullary  rays. 
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Tliis  arrangement  of  tissues  is  characteristic  of  Dicotyledons. 

d.  In  each  bundle,  make  out  tliree  distinct  parts,  viz.  : — 
(1)  A mass  of  dark  coloured  cells  lying  most  inter- 
nally, and  consisting  of  several  hirge  cells  (vessels  in 
transverse  section)  with  numerous  smaller  cells 
between  them  (wood  Jihres  in  transverse  section).  All 
these  cells  have  thick  cell  walls.  They  constitute  the 
xylem  of  the  bundles.  (2)  Most  externally  in  each 
bundle,  is  another  mass  of  tissue,  consisting  almost 
entirely  of  small  cells.  Those  nearest  the  exterior 
have  very  thick  walls,  and  have  a bright  refractive 
appearance  (phloem  fibres).  Internal  to  these,  are 
several  layers  of  thin-walled  cells,  mostly  small,  with 
a few  larger  ones  scattered  amongst  them.  All  these 
form  the  soft  hast.  The  soft  bast  and  the  phloem 
fibres  constitute  the  phloem  of  the  bundles. 
(3)  Between  the  phloem  and  the  xylem,  there  lie 
several  layers  of  very  thin-walled  cells,  which  are 
small  and  quadrilateral,  their  longer  walls  being 
placed  tangentially.  This  mass  of  tissue,  which 
appears  quite  different  from  the  phloem  and  xylem, 
is  a meristem,  or  generating  tissue.  It  is  known  as  the 
cambium.  From  it,  new  xylem  and  phloem  are  in 
process  of  formation.  The  oldest  parts  of  the  xylem 
and  phloem  are  those  furthest  removed  from  the 
cambium.  (Cf.  Boots.) 

Fibro-vascular  bundles  having  a layer  of  cambium 
are  said  to  be  open.  This  is  very  characteristic  of 
Dicotyledonous  plants. 

e.  Outside  the  bundles,  can  be  seen  a single  layer  of  cells 
of  the  fundamental  tissue,  different  from  the  rest  and 
containing  starch  grains.  This  layer  surrounds  all 
the  bundles,  and  is  called  the  hundle-sheath. 

Make  a drawing,  showing  all  the  above  parts. 


ii.  Stain  a thin  section  in  Schultz’  solution,  and  mount  in 
water. 

Observe  : — 

a.  Fundamental  tissue  has  its  cell  walls  stained  blue, 
h.  Hard  hast  stained  brown  or  yellow. 

c.  Soft  hast  stained  blue. 

d.  Camhium  stained  blue. 

e.  Xylem  stained  yellow  or  brownish. 
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iii.  Examine  your  thinnest  section  witli  the  liigh  power,  aiui: 

make  out  the  various  parts  of  the  bundles  more  in  detail. 

Observe  : — 

» 

In  the  phloem — 

a.  The  thick- walled  phloem  fibres.  Draw  a few. 

1).  The  thin-walled  phloem  cells,  amongst  wEich  are 
scattered  : — 

c.  The  larger  thin- walled  phloem  vessels  or  sieve  tubes. 

In  the  xylem — 

a.  The  large  thick-walled  icood  vessels — (sjnral  vessels 
most  internally  in  the  oldest  parts  of  the  xylem,  pitted 
vessels  more  externally). 

b.  The  small  thick-walled  wood  fibres,  scattered  amongst 
the  vessels. 

Draw  them ; also  draw  the  thin-walled  cambium  cells. 


xiv.  Systems  of  Tissues— Fibro-Vascu- 

lar  Bundles  (Continued). 

i.  Cut  thin  longitudinal  radial  sections  of  the  stem  of 
HelianthuS.  Mount  in  glycerin.  Examine  with  a low 
and  then  with  a high  power.  Look  for  a section  which 
has  passed  through  a fibro-vascular  bundle. 

Observe  : — 

a.  The  xylem,  consisting  of  vessels,  wood  fibres,  and  irood 
cells.  In  the  most  internal  parts  of  the  xylem,  make 
out  the  vessels  whose  walls  have  a continuous  spiral 
thickening.  Focus  carefully,  and  make  out  that  the 
spiral  ap})earance  is  due  to  a continuous  band  of 
thickening  which  passes  round  and  louiid  the  vesselr 
Note,  that  the  spiral  vessels  vary  in  size.  More  ex- 
ternally, make  out  one  or  two  vessels  whose  walls 
appear  to  be  dotted  over  with  clear  looking  spots. 
Where  the  wall  of  one  of  these  vessels  happens  to  be 
in  section,  make  out  that  the  dotted  appearance  is 
really  due  to  pits  in  the  cell  wall,  left  unthickened  as 
the  rest  of  the  wall  became  thickened. 

Amongst  the  vessels,  make  out  a few  elongated 
prosenchymatous  cells  with  thick  walls,  especially  seen 
in  the  external  parts  of  the  xylem.  These  are  the 
loood  fibres  which  in  transverse  section  appear  as  small 
rounded  cells  (page  29). 
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Here  and  tlierc,  a few  thin-walled  somewhat  elon- 
gated cells  may  he  seen  amongst  the  xylem  vessels. 
These  are  the  xylem  loarenchyma. 

h.  The  cambium,  consisting  of  thin-walled  flattened  elon- 
gated cells,  with  clear  contents,  lying  external  to  the 
xylem. 

c.  The  phloem,  consisting  of  pldolhn  vessels,  fibres,  and 
cells.  The  vessels  are  the  largest  of  the  elements  of 
the  phloem,  and  are  called  sieve  tubes.  They  are  so 
named  because  their  continuity  is  interrupted  by 
transversely  or  obliquely  placed  partitions,  perforated 
by  minute  canals  so  as  to  resemble  a sieve.  These  are 
named  the  sieve  plates.  They  are  the  original  trans- 
verse Avails  by  Avhich  the  cells  composing  the  sieve 
tubes  were  originally  separated  from  each  other.  The 
perforations  in  them  establish  a communication  be- 
tAveen  the  adjacent  cells  of  the  vessel.  Where  the 
sieve  plates  occur,  the  A'^essels  appear  to  be  swollen. 

The  granular  protoplasmic  contents  of  the  sieve 
tubes  can  be  seen. 

Amongst  the  sieve  tubes,  observe  a feAv  small  thin- 
walled  cells  which  form  the  p)hloein  parenchyma. 

Outside  these  tAvo  kinds  of  cells  Avhich  form  the 
soft  bast,  are  to  be  seen  several  layers  of  prosenchy- 
matous  thick-Avalled  cells.  These  form  the  hai'd  bast 
or  bast  fibres. 

d.  Outside  the  bundle,  note  the  bundle  sheath  or  starch- 
ring. 

Make  a drawing  showing  all  th  ese  points. 

ii.  Pick  out  the  section  which  shoAvs  sieve  tubes  best,  and 
stain  it  in  iodine  solution,  or  better,  Avith  methyl  violet  or 
eosin,  and  examine  with  a high  poAver. 

Observe  ; — 

The  stained  protoplasm  in  the  sieve  tubes ; and 
endeavour  to  make  out  the  continuity  of  the  stained 
protoplasm  from  cell  to  cell,  through  the  perforations  in 
the  sieve  plate. 


iii.  Carefully  compare  your  longitudinal  sections  Avith  the 
transverse  ones  already  made  (page  28). 
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XV.  Systems  of  Tissues — Fibro- Vascular 

Bundles  (Continued). 

i.  Cut  transverse  sections  of  the  stem  of  CuCTirbita. 
Examine  in  glycerin  with  a low  power. 

Observe  : — 

a.  The  fibro-vascular  bundles.  In  each  bundle,  will  be 
seen  four  kinds  of  tissue — the  most  external  is  phlolhn, 
containing  the  usual  elements.  The  next  layer  of 
tissue  is  the  cambium  ; the  third  is  xylem,  consisting 
of  the  usual  elements,  with  very  large  dotted,  annular, 
and  spiral  vessels.  More  internally  than  the  xylem,  is 
seen  a mass  of  tissue,  consisting  of  small  thin- walled 
cells  with  granular  contents,  and  a few  large  cells.  It, 
in  fact,  has  the  appearance  and  structure  of  phloem  ; 
and  is  a second  mass  of  phlochiL.  This  arrangement  is 
not  common. 

h.  Tullen.  This  is  the  term  applied  to  an  appearance 
which  is  sometimes  seen  in  the  large  dotted  vessels 
of  the  xylem.  They  appear  to  be  filled  with  numerous 
rounded  cells.  If  your  section  is  thin  enough,  the 
nature  of  this  appearance  will  become  clear.  Here 
and  there,  it  will  be  seen  that  the  rounded  cells  lying 
inside  the  vessels  are  the  thin  cell  walls  of  adjacent 
cells,  which,  by  alteration  of  pressure  relations,  have 
been  pushed  through  the  pits  in  the  walls  of  the 
vessels. 

ii.  Make  the  second  mass  of  phloem  more  distinct,  by  staining 
a thin  section  in  Schultz’  solution,  and  mounting  in  water. 

Observe  : — 

Blue  coloration  of  the  two  phloem  masses,  and  yelloiv 
coloration  of  the  xylem. 

iii.  In  longitudinal  radial  sections  of  the  stem  of  Oucur- 
bita  or  of  Vitis,  the  structure  and  nature  of  sieve  tubes 
of  the  phloem  can  be  well  seen,  i)articularly  in  thin 
sections  stained  with  eosin,  or  methyl  violet,  or  carmine, 
cleared  in  clove  oil  and  mounted  in  balsam.  (Vide 
Helianthus.) 

iv.  Cut  thin  transverse  sections  of  the  stem  of  LupinuS. 
Examine  in  glycerin,  with  a low  and  also  with  a high 
power. 
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Observe : — 

a.  luterfasciculciT  ccimhiuin.  This  is  a structure  not  seen 
in  very  young  stems,  and  is  only  formed  in  those  stems 
which  have  open  bundles,  and  which  increase  in  thick- 
ness by  means  of  a cambium-ring.  It  is  a meristem, 
which  IS  formed  in  the  fundamental  tissue  of  the 
primary  medullary  rays  after  the  fibro-vascular  bundles 
have  been  developed.  As  seen  in  your  sections,  it 
consists  of  thin-walled  cells  with  their  long  walls 
placed  tangentially,  and  in  general  appearance  exactly 
like  the  cambium  of  the  fibro-vascular  bundles. 

b.  The  cambium  ring.  The  interfascicular  cambium 
is  continuous  with  the  cambium  of  the  bundles,  so 
that  a complete  ring  of  meristem  is  formed,  consisting 
of  fascicular  and  interfascicular  cambium,  alternating 
Avith  each  other.  By  the  division  of  cells  which  takes 
place  in  this  tissue,  new  or  secondary  xylem  and 
phloem  are  produced,  forming  continuous  rings. 

This  is  characteristic  of  the  stems  of  Dicotyledons. 

V.  Make  drawings. 


xvi.  Systems  of  Tissues— Fibro- Vascu- 
lar Bundles  (Conun  UED.) 

i.  Cut  thin  transverse  sections  of  the  stem  of  Asparagus. 

Examme  with  a low  power  in  glycerin. 

Observe ; — 

a.  Th-Oi  f undamentcd  tissue. 

b.  Tho,  fibro-vascular  bimdles. 

c.  The  absence  of  any  derinite  arrangement  of  the  fibro- 
vascular  bundles  (characteristic  of  Monocotyledons). 

d.  The  bundles  in  the  centre  of  the  stem  are  larger  than 
those  in  the  periphery.  This  is  owing  to  the  fact,  that 
the  fibro-vascular  bundles  as  they  pass  down  the  stem 
gradually  approach  the  surface  of  the  stem,  and  gradu- 
ally become  smaller. 

e.  A ring  of  tissue  in  the  peripheral  part  of  the  stem 
outside  the  fibro-vascular  bundles.  This  is  a ring  of 
prosenchyniatous  tissue.  It  is  not  a meristem,  and  is 
in  no  way  comparable  to  the  cambium  ring  of  Dicoty- 
ledons. Draw  a section. 
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ii.  Examine  a fibro-vascular  bundle  with  a high  power. 

Observe : — 

a.  The  xijlcm,  placed  internally  with  respect  to  the 
surface  of  the  stem.  It  has  somewhat  the  form  of  a 
horse-shoe  imrtially  surrounding  the  phloem.  Most 
internally,  it  consists  of  small  cells  and  spiral  vessels 
in  section  {protoxylem)  more  externally  of  large  vessels, 
which  are  particularly  large  where  it  encloses  the 
phloem  laterally. 

h.  The  phlonn,  consisting  of  small-celled  tissue  with  a 
few  sieve  tubes,  lying  externally  and  between  the  two 
lateral  parts  of  the  xylem.  In  the  external  parts  of 
the  phloem,  are  some  phi oiim  fibres. 

c.  The  entire  absence  of  cambium.  Sucli  a fibro-vascular 
bundle  as  this  is  said  to  be  dosed,  on  account  of  the 
absence  of  cambium  and  the  impossibility  of  further 
growth  after  the  bundle  is  fully  formed  (characteristic 
of  Monocotyledons).  The  arrangement  of  the  parts 
of  a fibro-vascular  bundle  as  found  in  Mono-  and  Di- 
cotyledonous stems,  viz.,  phloem  externally  and  xylem 
internally  along  the  same  radius,  is  called  collateral 
(Cf.  Pteris  and  roots), 

iii.  Stain  a section  in  Schultz’  solution,  and  mount  in  water. 

Observe  : — 

a.  Blue  coloration  of  cell  walls  of  the  fundamental  tissue. 

b.  Blue  coloration  of  the  phloem  cell  walls. 

c.  Yelloiv  coloration  of  the  xylem  cell  walls. 

iv.  Cut  thin  longitudinal  sections  of  stem  of  Asparagus,  and 
make  out  the  characters  of  the  vessels  and  cells  composing 
the  xylem  and  phloem. 

V.  Make  drawings. 
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xvii.  Fibro- Vascular  System  in  Roots. 

i.  Cut  thin  transverse  sections  of  the  young  primary  root  of 
Vicia  Faba  or  Phaseolus,  or  of  Helianthus  soon 
after  germination  of  the  seed.  Examine  in  glycerin,  with  a 
low  and  high  power. 

Observe : — 
a.  The  epiderinis. 
h.  The  gQWQVol  fundamental  tissue. 

c.  The  axial  fibro-vascular  cylinder.  Surrounding  the 
fibro-vascnlar  cylinder,  note  a single  layer  of  cells  (the 
endodermis).  Inside  this,  there  lies  a second  layer  of 
cells  of  parenchymatous  form  called  the  yericambimn 
or  rUizogenetic  layer.  From  it,  the  secondary  roots 
take  origin,  as  endogenous  developments.  Make  out 
the  four  radiating  xylem-masses,  having  their  apices 
placed  against  the  pericambium,  and  becoming  broader 
internally.  In  the  middle  of  this  xylem-cylinder  may 
be  seen  a large  mass  of  parenchymatous  cells  forming 
the  medulla.  Alternating  with  the  four  xylem-masses, 
and  lying  outside  them  Tmt  inside  the  pericambium, 
are  four  'pldoem  masses,  between  the  phloem  and 
xylem  masses,  note  a few  layers  of  small  parenchy- 
matous cells,  which  form  the  conjimctim  tissue  of  the 
fibro-vascular  cylinder.  Outside  the  rhizogenetic 
layer  is  the  endodermis  or  bundle  sheath. 

This  arrangement  of  the  parts  of  a fibro-vascular 
bundle  is  called  the  radial  arrangement  (Cf.  con- 
centric and  collateral),  and  is  very  characteristic  of 
roots  in  general. 

The  number  of  xylem  and  phloem  rays  in  a radial 
lrl)ro-vascular  bundle  may  be  very  various.  When 
few,  the  bundle  is  said  to  be  oligarch.  When 

many,  poly  arch.  The  former  is  the  general  rule 
amongst  Dicotyledons,  the  latter  amongst  Monocoty- 
ledons. The  most  common  amongst  Dicotyledons  are 
the  diarch  or  tetrarch  bundles. 
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ii.  Examine  a thin  section  carefully  with  a high  power. 

Make  out ; — 

a.  The  xijlem.  It  consists  of  small  vessels  in  its  peri- 
pheral parts,  and  larger  ones  more  internally.  The 
l^eripheral  parts  are  the  oldest,  having  been  first  formed, 
and  consist  of  reticulated  or  spiral  vessels.  The 
internal  parts  are  made  up  of  large  reticulated  or  pitted 
vessels. 

h.  The  phloem,  consisting  chiefly  of  a mass  of  small  thick 
walled  phloem-fibres  with  one  or  two  sieve  tubes  lying 
internal  to  them. 

The  secondary  roots  arise  from  the  pericambium  at 
the  j)oints  or  apices  of  the  xyleni  masses. 


iii.  Cut  thin  transverse  sections  of  the  secondary  roots  of 
Hyacinthus.  Mount  in  glycerin  and  examine  with  a 
medium  power. 

Observe  : — 

a.  The  same  general  structure  as  in  Phaseolus. 
h.  Polyarch  fibro-vascular  cylinder. 

c.  Phloem  less  conspicuous. 

d.  Central  pith,  less  marked  or  absent. 

IV.  Cut  thin  transverse  sections  of  an  older  root  of  Phase- 

olus. 

Observe : — 

a.  A cambium  ring,  not  complete,  and  formed  only  in 
the  same  radii  as  the  primary  phloem  masses. 

1).  Secondary  xylem,  which  has  been  produced  from  it  by 
secondary  growth.  It  alternates  with  the  primary 
xylem  masses. 

c.  Central  medulla  of  fundamental  tissue. 

The  secondary  increase  in  thickness  which  takes  place 
occurs  by  the  formation  of  a meristem  or  cambium  between 
xylem  and  phloem  and  the  subsequent  production  of 
secondary  xylem,  as  in  the  Dicotyledonous  stem.  This 
does  not  occur  in  Monocotyledons. 
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xviii.  Fibre  - Vascular  System  in  an 
Older  Dicotyledonous  Stem. 

i.  Cut  thin  transverse  sections  of  an  old  stem  of  Vicia  Faba. 
Examine  in  glycerin  with  a low  power. 

Observe  : — 

a.  The  pith  cavity,  with  the  remains  of  the  pith  around  it. 

b.  The  cortical  part  of  the  fundamental  tissue,  covered 
externally  by  epidermis. 

c.  Between  a and  h,  the  fibro-vascular  system,  consisting 
of  : — 

1.  The  'primary  xylem,  appearing  as  projections  in- 
wards from  the  general  fibro-vascular  ring. 

2.  The  secondary  xylem,  consisting  of  a continuoua 
ring  of  tissue  external  to  the  masses  of  primary 
xylem. 

3.  The  cambium  rinrj  of  thin-walled  cells,  external 
to  the  secondary  xylem.  By  division  of  the  cells 
of  this,  the  secondary  xylem  has  been  produced. 

4.  Secondary  phloem,  forming  a narrow  ring  outside 
the  cambium. 

5.  The  p)rimary  pldoem  masses,  outside  the  secondary 
phloem. 

ii.  Cut  transverse  sections  of  a one-year-old  stem  of  Pinus 
(which,  though  not  a Dicotyledon,  increases  in  thickness  like 
one).  Examine  with  a low  power,  in  glycerin. 

Observe  : — 

a.  The 

b.  The  cortex. 

c.  The  cambium  ring. 

d.  The  phloem,  made  up  of  primary  phloem  masses 
externally,  and  layers  of  secondary  phloem  adjoining 
the  cambium. 
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e.  The  ^oood  or  xylem,  consisting  of  the  primary  xylem 
adjoining  the  pith,  and  forming  the  so-called  medullary 
sheath.,  and  the  secondary  xylem,  constituting  the 
greater  part  of  the  wood.  Direct  your  attention 
specially  to  this,  and  note  that  it  presents  a radiating 
appearance  due  to  the  arrangement  of  the  cells  com- 
posing it.  Make  out  that  the  greater  number  of  the 
cells  in  it  are  large,  and  have  thickened  walls ; whilst 
numerous  narrow  hands  of  cells,  much  smaller  and 
with  thin  walls,  are  seen.  These  radiate  from  the 
centre  towards  the  periphery,  and  constitute  the 
secondary  medullary  rays. 

iii.  Examine  your  thinnest  section  with  a high  power. 

Observe  : — 

a.  The  ivood  fibres  of  the  secondary  xylem.  They  appear 
in  section  to  be  quadrilateral,  and  their  cell  walls  can 
be  seen  to  be  made  up  of  two  layers.  {a)  The 
common  cell  wall  ; and  {h)  the  thickened  2^0 rtion  special 
to  each  fibre.  Xote  the  bordered  2hts,  aj^pearing  as 
lenticular  spaces  in  the  radial  cell  walls. 

b.  The  secondary  medullary  rays,  each  consisting  of  a 
single  row  of  small  thin-walled  cells.  These  rows  of 
cells  are  bounded  on  both  sides  by  wood  fibres.  Xote 
that  the  walls  of  the  wood  fibres  adjacent  to  the 
medullary  rays  are  unthickened,  whilst  their  other 
three  walls  are  thickened.  Trace  one  of  the  medullary 
rays  throughout  its  whole  extent. 

iv.  Make  drawings. 


xix.  Cork— Lenticels. 

i.  Cut  thin  transverse  sections  of  tire  one-year-old  stem  of 
Ribes  (Currant),  mount  in  glycerin.  Examine  the 
thinnest  part  of  your  sections  with  a high  power. 

Observe  : — 

a.  Shreds  of  epidermis  at  the  surface  of  the  section, 
together  with  a few  parenchymatous  cells  of  the  cor- 
tical fundamental  tissue. 

h.  Beneath  this,  but  outside  the  fibro-vascular  region, 
lies  the  cork  tissue  or  consisting  of  quadri- 

lateral cells  whose  cell  walls  have  become  cuticularised, 
and  which  have  lost  their  protoplasmic  contents. 
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c.  At  the  deeper  parts  of  the  periderm,  are  seen  one  or 
two  layers  of  cells  of  the  same  shape  hut  narrower, 
and  having  thinner  cell  walls  and  finely  granular 
protoplasm.  These  are  meristematic  cells,  and  form 
the  cork  cambium  or  2'>heUofien. 

<1.  Beneath  the  phellogen  may  sometimes  be  seen  other 
cells,  which  have  been  produced  by  the  phellogen,  and 
which  form  the  j>keIloderm. 

c.  Beneath  this,  lies  the  remaining  portion  of  the  primary 
cortical  fundamental  tissue. 

ii.  Stain  a section  with  Schultz’  solution,  and  mount  in 
^vater. 


Observe  : — 

a.  Yellow  coloration  of  the  periderm. 

Ik  Blue  coloration  of  the  phellogen. 

iii.  Cut  thin  transverse  sections  of  a present  year’s  shoot  of 
SambuCUS  Nigra  (Elder).  Mount  in  glycerin.  Examine 
the  surfaces  of  your  thinnest  sections  with  a moderately 
high  power. 

Observe  : — 

The  lenticeU,  which  appear  as  somewhat  raised  spots 
on  the  surface  of  the  stem.  At  these  spots,  the  epider- 
mis appears  to  be  broken  away,  and  the  space  to  be 
filled  with  rounded  loosely  arranged  cells  separated  by 
intercellular  spaces.  Beneath  these  loosely  arranged 
cells,  is  a layer  of  phellogen  continuous  with  the  phello- 
gen ring.  In  fact,  at  these  spots  the  cork  cambium, 
instead  of  producing  ordinary  cork  cells,  has  fonned 
this  loosely  arranged  tissue.  The  lenticels  perform 
the  functions  of  stomata  after  these  structures  have 
disappeared  during  the  growth  of  the  stem.  Some- 
times the  loosely  arranged  tissue  of  the  lenticels  is 
seen  underneath  the  stomata  of  the  epidermis. 

iv.  If  the  surface  of  a young  twig  of  Elder  be  examined  with 
the  naked  eye,  or  with  a pocket  lens,  the  lenticels  may  be 
seen  as  whitish  or  yellowish  areas  on  the  surface. 


V.  Make  drawings. 
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XX.  Apices  of  Stems. 

i.  Cut  off  the  apex  of  the  stem  of  Ohara.  Carefully  dissect 
it  with  needles  in  a drop  of  glycerin,  and  then  gently  press 
it  out  with  a cover  slip,  and  examine  with  a moderately 
high  power. 

Observe  ; — 

a.  The  anneal  cell,  in  shape  hemispherical  with  the 
rounded  surface  outwards  and  the  flat  surface  adjacent 
to  the  cell  below.  Note,  its  protoplasm  and  nucleus 
(sometimes  two  nuclei).  It  divides  transversely  by  a 
division  plane  parallel  to  its  base. 

h.  The  cell  heneath  the  apical  cell.  It  may  be  a nodal  or 
an  internodal  cell.  By  working  downwards  from  the 
apex,  it  will  be  seen  that  nodal  and  internodal  cells 
alternate. 

c.  The  internodal  cells  are  seen,  as  you  pass  down,  to 
gradually  enlarge,  develop  vacuoles,  and  eventually 
become  the  central  cell  of  an  internode.  They  never 
divide. 

d.  The  nodal  cells.  These  do  not  increase  in  size,  but 
they  undergo  repeated  division,  and  give  rise  to  the 
cells  of  the  nodal  rerjions ; the  leaves,  which  are  seen 
to  arise  as  outgrowths  from  the  nodal  regions  ; the 
cortical  cells  of  the  internodes ; and  hranches,  which 
arise  as  outgrowths  from  the  nodal  regions  in  the 
axils  of  the  leaves. 

ii.  Cut  thin  longitudinal  sections  of  the  apex  of  the  rhizome 
of  Pteris.  Examine  with  a low  power. 

Observe : — 

a.  A depression  in  the  middle  of  the  rounded  apex. 

h.  The  brown  coloured  trichomes  Avhich  cover  the  apical 
region. 

c.  At  the  extreme  apex,  if  you  are  fortunate,  you  may 
see  one  cell,  of  wedge-like  form  with  its  apex  directed 
downwards.  This  is  the  apical  cell,  by  division  of 
which  all  the  other  cells  are  formed. 

d.  Usually,  you  will  see  a mass,  several  layers  in  thick- 
ness, of  small  rounded  cells  with  thin  walls  occupying 
the  extreme  apex  of  your  section.  These  are  indifferent 
cells  of  the  primary  meristem  which  have  been  formed 
by  the  apical  cell. 
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e.  Tracing  the  primary  meristemafcic  tissue  downwards, 
you  find  that  it  undergoes  a differentiation  into  definite 
parts. 

1.  A single  layer  of  cells  at  the  surface,  which 
traced  downwards  becomes  continuous  with  the 
epidermis.  This  is  the  dermatogen. 

2.  A mass  of  meristematic  cells  occupying  the  whole 
of  the  central  part.  This  mass  is  of  darker 
appearance  than  the  rest  of  the  cells,  and  the 
layers  of  cells  composing  it  seem  to  converge 
above  to  a rounded  summit,  in  the  middle  line 
beneath  the  indifferent  cells  at  the  extreme  apex. 
Traced  downwards,  some  of  these  cells  become 
continuous  with  the  fibro-vascular  bundles,  and 
others  with  the  sclerenchyma  ring  and  the  central 
fundamental  tissue.  They  may  be  called  the 
2)lerome. 

3.  Between  the  dermatogen  and  plerome,  there  lies  a 
mass  of  cells  which  remain  thin-walled  and  clear, 
and  can  be  traced  downwards  into  continuity 
with  the  fundamental  tissue  of  the  peripheral 
region.  This  layer  of  meristem  may  be  called  the 
'perihlem. 

iii.  Carefidlij  draw  the  two  apical  regions,  noting  carefully  the 
differences  between  them. 


iv.  Cut  thin  longitudinal  sections  through  the  apical  region  of 
Helianthus  before  the  development  of  the  flower. 

Observe : — 

a.  The  expanded  growing  point. 
h.  The  leaves  at  the  periphery. 

c.  Absence  of  a single  apical  cell. 

d.  Differentiation  of  the  primary  meristem  into  derma- 
togen, perihlem  and  plerome.  This  is  the  general  rule 
amongst  Phanerogams. 


I) 
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xxL  Apices  of  Eoots. 

i.  Soak  some  “ seeds  ” of  Zea  mais  in  water,  make  out  the 
position  of  the  embryo,  and  cut  thin  sections  passing 
longitudinally  through  it.  Examine  with  a low  and  high 
power. 

Observe  : — 

The  apex  of  the  young  stem  or  plumule. 

The  large  single  cotyledon. 

The  apex  of  the  young  root  or  radicle.  Make  out  the 
following  layers  of  meristematic  cells  : — 

a.  The  root-cap  or  calyptra  lies  most  externally  at  the 
extreme  tip  of  the  root  and  outside  the  growing  apex. 
It  consists  of  many  layers  of  cells,  the  most  external 
being  oval  in  shape  and  loosely  held  together.  These 
are  the  oldest  cells  of  the  cap  and  are  continuous  witli 
a special  lower  part  of  the  cotyledon,  known  as  the 
scutellum.  More  internally,  there  lie  several  layers 
of  compressed  polygonal  smaller  cells,  forming  the 
younger  tissue  of  the  root-cap. 

h.  The  calyptrogen  layer,  consisting  of  small  generating 
cells  lying  outside  the  true  growing  apex  and  from 
which  the  calyptra  is  developed. 

Trace  the  cells  of  the  root-cap  laterally  and  gradually 
tapering  off  as  you  pass  up  the  root.  They  are  sharply 
marked  off  from  the  deeper  layers. 

c.  The  outline  of  the  true  growing  apex,  marking  the 
cells  of  the  root  from  the  calyptra.  ^Tote  the  cap- 
shaped depression  in  the  middle  line  of  the  extreme 
apex. 

d In  the  region  of  the  cap-shaped  depression,  a single 
layer  of  cells,  the  common  initial  layer  for  the  next 
two  masses  of  cells  of  the  apical  region. 

fi.  The  dermatogen,  forming  a single  la3’’er  of  compressed 
quadrilateral  cells  at  the  surfuce  near  the  apex. 
Traced  backwards,  it  becomes  continuous  with  the  epi- 
dermis ; and  towards  the  apex,  with  the  single  initial 
layer  of  cells  which  is  common  to  it  and  the  next  mass 
of  colls. 
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f.  The  iwTiblem^  consisting  of  several  layers  of  thin- 
walled  colourless  cells,  lying  beneath  the  dermatogen 
and  between  it  and  a darker  coloured  central  cylinder 
of  cells,  occupying  the  central  parts  of  the  root. 
Traced  toward  the  apex,  the  number  of  layers  of  cells 
composing  it  gradually  diminishes,  till  •'  it  becomes 
continuous  with  the  single  initial  layer  at  the  ex- 
treme summit.  The  periblem  is  usually  sharply 
marked  off  from  the  cells  more  internal  to  it.  Traced 
backwards,  the  periblem  passes  into  the  cortical 
fundamental  tissue. 

(/.  The  plerome,  consisting  of  all  the  central  layers  of 
cells  of  the  apical  region.  It  is  usually  of  darker 
appearance  than  the  periblem,  and  terminates  in  a 
rounded  extremity  just  beneath  the  initial  layer  of 
cells  for  dermatogen  and  periblem  at  the  cup-like  apex. 

h.  The  growing  point  can  easily  be  recognised  with  a low 
power,  by  tracing  the  various  layers  as  they  converge 
towards  it. 

ii.  Cut  thin  longitudinal  sections  of  the  primary  radicle  seen 
in  the  seed  of  Phaseolus  (Kidney  Bean).  Examine  with 
low  and  high  powers.  ^ 

Observe  : — 

a.  The  root  cap,  at  the  summit  of  which,  a few  large 
irregular  cells  can  be  seen  (the  remains  of  the 
suspcMsor  of  the  embryo) ; note  the  loose  arrangement 
of  the  cells  at  the  free  part  of  the  calyptra,  becoming 
more  close  as  you  pass  inwards. 

h.  The  initial  zone,  consisting  of  a transversely  j)laced 
band  of  cells  several  layers  in  thickness,  lying  at  the 
deeper  part  of  the  root-cap.  Beneath  this  zone,  can 
be  seen  the  extremities  of — 

c.  and  d.  The,  pjGvihlem  waH  2derome.  By  divisions  of  the  cells  of 
the  initial  layer,  additions  are  made  to  the  central 
part  of  the  root-cap  on  the  one  hand,  and  the  periblem 
and  plerome  on  the  other. 

c.  The  lateral  parts  of  the  transverse  initial  layer  can  be 
traced  over  the  summit  of  the  periblem,  on  to  its  ex- 
terior Avhere  it  forms  an  additional  initial  layer. 
From  this  portion  of  the  meristem,  there  arise  the 
lateral  parts  of  the  root-cap)  and  the  dermatogen  lager, 
as  may  be  seen  on  tracing  the  cells  into  the  older 
parts  of  the  radicle. 
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In  this  case,  there  is  no  separate  calyptrogen  layer,, 
but  the  root-cap  takes  its  origin  from  the  same  layer 
of  cells  as  the  clermatogen  does,  and  the  same  initial 
zone  which  gives  rise  to  dermatogeii  and  calyptra, 
also  forms  the  periblem  and  plerome.  In  the  Maize, 
on  the  other  hand,  the  calyptra  takes  its  origin 
from  a special  meristem,  lying  outside  that  which 
produces  the  clermatogen  and  other  parts  of  the  root 
apex. 

iii.  Sections  of  the  apex  of  primary  root  of  Pinus  will  show 
that  there  is  a well  marked  plerome  cylinder  terminating  in 
a rounded  apex,  outside  which  lies  an  initial  layer  of  meri- 
stematic  cells,  from  which  there  arise  periblem  cells,  of 
which  the  root-cap  is  a luxuriant  growth,  and  there  is  na 
clermatogen.  (See  Pinus.) 


xxii.  Reproduction  of  Vegetable  Cells. 

i.  Examine  in  water  some  Spirogyra  filaments,  which  have 

been  kept  for  some  time  in  darkness  with  a limited  food 

supply.  Look  for  a filament  showing  conjugation. 

Observe : — 

a.  Formation  of  protuberances  from  adjacent  cells  of  twa 
filaments. 

1).  Union  of  these  protuberances  together. 

c.  Perforation  of  the  cell  walls  between  the  two  pro- 
tuberances. 

d.  The  row  of  empty  cell  walls,  joined  by  the  passages- 
formed  by  the  united  protuberances,  to  an  adjacent 
filament. 

e.  The  masses  of  protoplasm  in  the  cells  of  the  latter 
filament,  containing  the  new  cells  formed  by  the 
conjugation  of  the  protoplasm  of  the  two  cells.  These 
new  cells  are  the  zygOSpores. 

For  further  details,  see  page  59. 

This  mode  of  cell  reproduction  is  called  conjugation. 
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ii.  Cut  a mimber  of  thin  transverse  sections  of  the  ovary  of 
Viola  tricolor,  just  as  the  flower  is  beginning  to  fade. 
Treat  the  sections  with  potash  and  mount  in  glycerin, 
examining  with  a high  power.  The  ovules  will  be  cut 
longitudinally.  In  a fortunate  section, 

Observe : — 

a.  The  emhryo-sac  of  the  ovule. 
h.  In  the  embryo-sac,  make  out : — 

1.  The,  protoplasm. 

2.  The  cdl-vacuole. 

3.  Lying  in  the  protoplasm,  certain  small  cells,  consist- 
ing each  of  a nucleus  with  a rounded  mass  of  proto- 
plasm, aggregated  around  it. 

These  are  young  daughter  cells,  which  have  been 
produced  within  the  moth.er  cell,  from  some  of  the 
protoplasm  of  the  mother  cell,  the  rest  renmining  as 
the  protoplasm  of  that  cell. 

This  mode  of  cell  reproduction  is  called  free-cell 
formation. 

iii.  Take  the  apex  of  the  young  primary  root  of  Pinus,  which 
has  been  hardened  in  Chromic  Acid.  Place  between  two 
layers  of  elder  pith,  so  as  to  cut  longitudinal  sections. 
Stain  in  logwood,  clear  with  clove  oil,  and  mount  in 
Canada  balsam.  Examine  with  a high  power. 

Observe ; — 

a.  The  thin  cell  walls  of  the  cells  of  the  meristem. 

1).  The  protoplasm  of  these  cells,  distinguished  into  an 
outer  hyaline  layer  not  deeply  stained  (ectoj)lasm),  and 
an  inner  layer  much  more  deeply  stained  (gmcloplasm). 

c.  The  large  oval  nucleus  deeply  stained,  in  the  centre  of 
the  cell. 

d.  In  some  cells,  by  careful  examination,  some  of  the 
stages  of  cell  division  may  be  seen. 

1.  Elongation  of  the  nucleus. 

2.  Striation  of  the  nucleus  in  a longitudinal  direction, 
and  the  accumulation  of  protoplasm  around  its  poles, 
so  as  to  form  the  so-called  nuclear-spindle. 

3.  Separation  of  the  nuclear-spindle  into  two  parts,  by 
division  across  its  middle. 
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4.  Collection  of  the  protoplasm  around  these  two  parts 
of  the  spindle. 

5.  Formation  of  a new  thin  cell  wall  across  the  middle 
of  the  cell,  and  the  rounding  off  of  the  two  parts  of 
the  nuclear-s2^indle  to  form  the  new  nuclei  of  the 
two  daughter  cells. 

This  mode  of  cell  formation  is  ordinary  fission,  in  which 
no  roundimj  off  of  the  daughter  cells  occurs,  and  in  which 
a new  cell  wall  is  only  formed  along  the  plane  of  division. 

iv.  Cut  very  thin  transverse  sections  of  a young  flower  bud  of 
Trop860lum  majus.  Examine  the  sections  of  the 
anthers  in  glycerin,  with  a high  j)ower. 

Observe  : — 

The  development  of  the  pollen  grains  in  the  anther 
lobes. 

1.  The  formation  of  four  daughter  cells  ivithin  eacli 
mother  cell. 

2.  As  each  daughter  cell  is  being  marked  off,  and 
before  they  are  quite  separate,  they  produce  n&w  cell 
walls  around  themselves,  distinct  from  the  mother 
cell  wall. 

3.  During  this  jDrocess,  each  daughter  cell  becomes 
rounded  off]  and  new  cell  wall  is  eventually  formed 
from  the  whole  of  its  surface.  (See  page  142.) 

This  mode  of  cell  formation  is  that  variety  of  fission,  in 
which  danghter  cells  are  formed  in  the  mother  cell,  a 
rounding  off'  takes  place,  and  cell  wall  is  formed  from  the 
loliole  surface  of  the  daughter  cells. 

Other  methods  of  cell  formation  by  rejuveiiesceilC6  as 
seen  in  Oedogonium,  and  the  peculiar  form  of  fission  seen 
in  Spirogyra,  are  difficult  to  demonstrate. 
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PART  II. 

THE  CRYPTOGAMIA. 


i.  The  Fungi — Torula. 

i.  Examine  the  Torula  with  a high  power,  and  make  out  the 
details  of  its  structure,  following  the  directions  given  in 
General  Morphology  (page  9). 

ii.  Determine  the  influence  of  temperature  on  the  growth 
of  the  Torula,  by  the  following  experiments  : — 

A.  Take  three  test  tubes  a,  h and  c.  In  each  place  an  equal 
quantity  of  Pasteur’s  solution,  and  an  equal  quantity  of 
yeast.  Keep  (a)  in  a warm  place  at  temperature  35°  C. ; 
(&)  place  in  melting  ice  (0°  C.) ; leave  (c)  at  the  ordinary 
temperature  of  the  room.  After  a time,  compare  the 
growth  in  each  tube,  judging  it  by  the  amount  of 
turbidity  : — 

{a)  Very  good  growth. 

{h)  Ko  growth  at  all. 

(c)  Moderate  growth.  ^ 

B.  Having  satisfied  yourself  that  no  growth  takes  place  in 
(6),  remove  it  from  the  ice  and  keep  it  at  the  ordinary 
temperature  of  the  room. 

Observe ; — 

That  growth  takes  place  in  it  as  in  (c).  Cold  there- 
fore checks  the  growth,  but  does  not  kill  the 
Torulse. 

C.  Take  a tube  containing  some  Pasteur’s  solution  and  a 
drop  of  yeast.  Heat,  it  to  near  boiling  point,  and  plug 
with  cotton  wool. 

Observe : — 

That  no  growth  takes  place  in  it.  The  Torulae  have 
been  killed. 
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For  all  physiological  processes  in  plants,  there  is  a 
maximum,  minimum  and  optimum  temperature.  These, 
for  the  life  of  Torula  may  he  determined  by  trial. 
They  are  : 

Min.  about  0°  C. 

Opt.  „ 35°  C. 

Max.  „ 50°  C. 

iii.  Observe  the  effect  of  light  on  the  growth  of  Torula,  by 
sowing  similar  quantities  in  two  test-tubes  of  Pasteur’s 
solution.  Expose  one  to  light,  and  keep  the  other  in  a 
dark  place. 

Observe : — 

No  difference  between  the  growth  in  the  two  tubes, 
provided  the  temperature  has  been  the  same  in  each. 

iv.  Influence  of  food  supply.  Take  four  test  tubes  a,  h,  c,  d ; 
in  {a)  place  some  loater  (distilled) ; in  (h)  some  water  with 
a little  cane  sugar  in  solution ; in  (c)  some  Pasteur’s 
solution  without  sugar ; in  (d)  ordinary  Pasteur’s  solution. 
Put  in  each  an  equal  quantity  of  yeast.  Keep  all  the  tubes 
at  35°C. 

Observe  : — 

In  (a)  growth  very  little  (if  any) 

(&)  some  growth,  but  not  good, 

(c)  fairly  good  growth, 

{d)  very  good  gTOwth. 

The  growth  in  {a)  and  (h)  will  only  continue  so  long  as  the 
salts  which  form  the  food  adhering  to  the  yeast,  last.  In 
(c)  and  {d)  all  the  salts  necessary  for  growth  are  present. 

V.  Determine  the  effects  of  the  Torula  on  the  fluid  in  which 
it  lives. 

A.  Carbon  dioxide  is  evolved.  Take  two  test  tubes ; in 
one,  put  some  Pasteur’s  solution  and  yeast ; in  the  other, 
some  lime  water ; connect  the  two  by  means  of  a glass 
tube  with  close  fitting  corks,  so  that  the  end  in  the  lime- 
water  tube  dips  below  the  fluid,  and  place  in  a warm 
situation.  Gas  will  slowly  bubble  from  tube  (a)  to  (5). 

Observe ; — 

A precixntate  of  Carbonate  of  Lime,  showing  that 
C O2  is  evolved. 

B.  Alcohol  is  produced.  This  can  be  shown  by  taking  some 
Pasteur’s  solution  in  Avhich  yeast  has  grown  for  some 
time,  distilling  it,  and  testing  the  distillate  for  alcohol. 
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C.  Heat  is  formed.  Take  two  flasks,  place  in  {a)  some 
Pasteur’s  solution  and  yeast ; in  (/;)  yeast  and  water. 
Fit  each  with  a loose  cork  supporting  a delicate  ther- 
mometer. Cover  over  "with  felt,  and  leave  for  some 
time. 

Observe  : — 

Temperature  of  {a)  is  higher  than  that  of  (?;). 

vi.  Determine  the  efifect  of  limiting  the  food  supply. 

Wash  some  dry  German  yeast  in  water;  allow  to  settle. 
Spread  some  of  the  washed  yeast  on  slices  of  fresh  potato 
and  place  in  a moist  situation  under  a bell  jar.  From  day  to 
day,  examine  some  of  the  growing  yeast. 

Observe  : — 

The  presence  of  three  or  four  small  cells  in  each 
Torula-cell.  These  are  Endogonidia,  and  have 
been  produced  by  endogenous  division  of  the  Torulae. 

vii.  Sow  some  yeast  in  Pasteur’s  solution  without  sugar.  After 
some  time,  distil  as  in  v.  B.,  and  determine  that  no  alcohol 
is  present. 


ii.  Fungi— Schizomycetes  {Bacteria). 

i.  Obtain  some  urine  or  other  animal  fluid,  and  leave  it 
exposed  to  the  atmosphere  until  it  becomes  turbid  and 
acquires  a strong  odour  of  putrefaction.  Note  that  a scum 
forms  on  the  surface  of  the  fluid.  Take  some  of  such  a 
putrefying  liquid,  place  on  a glass  slide,  cover  and  examine 
with  a very  high  j)ower. 

( )bserve : — 

a.  The  Bacteria,  consisting  of  short  cylindrical  or  rod- 
like bodies,  sometimes  elliptical  or  rounded  at  their 
extremities.  Occasionally  they  form  short  jointed 
rows,  or  very  commonly  appear  as  dumb-bells,  showing 
that  they  are  in  the  act  of  dividing. 

h.  Their  size.  Very  minute,  about  Tir^oo^^^ 

of  an  inch  in  diameter,  and  about  three  times  as  loim'. 
They  vary  somewhat. 
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c.  They  are  mobile,  exhibiting  two  movements  : (1) 
purely  physical,  rotatory,  around  a definite  fixed  spot 
{Brownian  movQmQiit)  ; (2)  vital,  oscillatory  or  spinning 
movement,  leading  to  definite  locomotion.  This  latter 
movement  is  due  to  the  action  of  extremely  minute 
flagella  at  one  or  both  extremities.  These  flagella  can 
seldom  be  seen. 

d.  Their  structure.  Very  little  can  be  made  out,  but 
generally  there  may  be  seen  an  outer  transparent  layer, 
probably  cellulose,  surrounding  an  inner  less  transparent 
substance  (protoplasm,  or  so  called  microjmotein). 

e.  They  multiply  by  fission.  Some  can  be  seen  of  a 
dumb-bell  shape,  i.e.  with  a constriction  in  their 
middle,  showing  that  they  are  in  the  act  of  dividing. 
Others  are  seen,  forming  rows  or  chains,  consisting 
of  those  which  have  rapidly  divided  and  not  yet 
separated. 

ii.  Make  an  infusion  of  hay,  by  means  of  water,  filter  and  set 
aside  till  the  fluid  becomes  turbid,  and  has  a scum  on  the 
surface.  Examine  in  the  same  way. 

Observe  : — 

The  iDoints  detailed  above. 

iii.  Examine  with  a very  high  power,  some  of  the  scum  either 
from  a hay-infusion  or  from  a putrefying  animal  fluid. 

Observe  : — 

A gelatinous  material  forming  a sort  of  matrix,  in 
which  are  imbedded  hosts  of  minute  short,  rounded  or 
elongated  motionless  Bacteria,  like  those  described 
above. 

This  is  what  is  called  the  zoogloea  or  resting  state. 

iv.  Examine  carefully  some  hay  infusion  with  a high  poweiv 
In  addition  to  the  Bacteria  described  above. 

Observe : — 

Bacilli,  consisting  of  threads  of  rod-like  bodies 
relatively  longer  than  Bacteria.  The  threads  are 
straight  or  zigzag  rows  of  bodies  having  the  same 
structure  as  Bacteria.  Here  and  there,  may  be  seen 
shorter  chains  of  these  rod-like  bodies,  consisting  of 
two  or  three  Bacilli,  or  even  isolated  ones.  The  isolated 
Bacilli  are  motile  ; the  threads  are  not.  Threads  have 
been  }>roduced  by  repeated  division  of  single  Bacilli. 
Threads  of  Bacilli  constitute  what  is  known  as  the 
leptothrix  state. 
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V.  If  some  suitable  nourishing  medium  be  taken,  such  as  pork 
In’oth,  and  a drop  of  a hay  infusion  placed  in  it,  and  the 
whole  kept  at  a temperature  of  about  35°  C.  in  an  incubator 
for  twenty-four  hours,  the  Bacilli  can  be  obtained  in  greater 
numbers,  and  when  examined  are  found  either  in  the  con- 
dition described  in  iv.,  or  in  a state  of  zoogloea. 

vi.  Examine  with  a very  high  power  some  blood  which  has 
been  exposed  to  the  atmosphere  for  some  days. 

Observe  : — 

Micrococci.  In  addition  to  Bacteria,  are  seen  large 
numbers  of  extremely  minute  spherical  organisms  or 
micrococci.  They  occur  either  singly  or  in  twos 
(diplococcus)  or  in  rows.  They  consist  of  a cell  wall 
and  contents,  only  to  be  made  out  with  very  high 
powers.  They  multiply  by  fission,  and  may  occur  in  a 
zoogloea  state. 

vii.  In  hay  infusion,  there  may  be  found  other  forms  of  Schizo- 
mycetes. 

a.  Vibrio,  consisting  of  two  or  more  joints,  but  bent  so 
as  to  have  a partial  twist.  By  the  action  of  their 
flagella,  these  may  be  seen  rotating  on  an  axis,  giving 
the  appearance  of  a serpentine  motion. 

h.  Spirillum,  consisting  of  an  unjointed  thread  rolled 
into  a spiral  and  provided  with  flagella.  They  are 
motile,  and  rotate  on  their  axis  so  as  to  appear  to  have 
a serpentine  motion. 

viii.  Study  some  points  in  the  Physiology  of  the  Schizo- 
mycetes  as  follows  : — 

A Take  two  flasks,  and  in  each  put  a quantity  of  freshly 
prepared  hay  infusion,  place  flask  (a)  in  a warm  place 
exposed  to  light,  and  flask  {h)  in  a warm  place  in 
darkness,  leaving  the  mouths  of  both  open  to  the 
atmosphere.  After  a few  days, 

Observe  ; — 

That  both  are  equally  turbid  and  equally  loaded  with 
Bacteria. 

B Take  three  flasks  and  place  in  each  a quantity  of  fresh 
hay  infusion.  Boil  {a)  and  {!>),  but  not  (c)  ; whilst 
(a)  is  boiling,  plug  the  neck  of  the  flask  with  cotton 
wool,  but  not  (h).  Place  the  three  flasks  in  a warm 
place,  and  in  a few  days  examine  them. 
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Observe : — 

(a)  Is  quite  clear,  and  presents  no  sign  of  Bacterial  action. 
It  may  be  preserved  indefinitely  if  the  plug  is  not 
removed. 

(h)  Is  turbid,  and  contains  large  numbers  of  Bacteria. 

{c)  Is  more  turbid  than  (fj),  and  is  loaded  with  Bacteria. 

From  this  experiment,  it  is  obvious  that  Bacteria  are 
killed  by  a boiling  temperature,  and  that  after  being 
thus  destroyed,  new  Bacteria  can  enter  from  the 
atmosphere,  if  the  vessel  be  not  properly  sealed.  By 
experiments  of  this  kind  the  doctrine  of  Spontaneous 
Generation  or  Ahiogenesis  has  been  disproved. 

■(C)  Take  two  flasks.  In  (a)  place  some  fresh  hay  infusion, 
and  in  (h)  some  distilled  water.  Boil  the  two  fluids 
briskly  for  some  time,  and  set  aside  in  a warm  place 
exposed  to  the  atmosphere.  After  several  days 
examine  the  two  fluids. 

Observe  : — 

{a)  Is  turbid,  has  a scum  upon  it,  and  is  loaded  with 
Bacteria. 

(&)  Is  quite  clear,  and  has  in  it  very  few,  if  any.  Bacteria. 

This  experiment  shows  that  Bacteria  require  a certain 
supply  of  food-materials,  and  will  only  flourish  in  a 
proper  soil. 


lii.  The  Fungi— Mucor  Mucedo. 

i.  Obtain  some  fresh  horse  dung.  Place  under  a bell-jar,  and 
keep  in  a warm  place  for  a day  or  two.  When  the  surface 
has  become  covered  with  numerous  white  silvery  hyphse,  it 
is  ready  for  examination. 

Observe  : — 

a.  The  silvery  hypUce^  forming  a crust  on  the  surface  of 
the  dung  (the  mycelium). 

h.  The  straight,  erect  hyphse,  growing  upwards  from  the 
surface  {aerial  hyphcje).  Note  that  each  terminates 
in  a small  globular  body  (the  so-called  sporangiurQ 
or  spore  fruit). 
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ii.  Carefully  cut  off  'with  scissors  some  of  the  aorial  hyphSG  p 
mount  in  water,  and  examine  with  a high  power. 

Observe  ; — 

a.  The  linphce — straight,  imhranched  rods,  large,  j)resent- 
ing  a very  distinct  contour.  Trace  one,  and  note  the 
entire  absence  of  septa  across  the  hypha,  except  near 
the  sporangium.  Each  hypha  presents  a distinct  me 
or  cell  wall  of  cellulose,  containing  protoplasm^  in 
which  are  seen  granules  and  vacuoles. 

1).  The  spore-fruits,  one  at  the  termination  of  each  hypha. 
Each  consists  of  a rounded  sac,  the  outer  surface  of 
which  is  irregular,  owing  to  the  presence  of  spines  of 
oxalate  of  lime  in  the  cell  wall. 

Frequently,  the  sac  is  seen  to  have  burst  near  the 
base,  so  as  to  have  separated  from  the  hypha,  and  the 
contents  are  then  seen  protruding. 

c.  The  contents  of  the  spoimigia.  In  the  young  ones,  is 
found  some  granular,  unsegmented  protoplasm,  whilst 
the  older  ones  contain  a large  number  of  round  masses, 
held  together  in  a sort  of  gelatinous  material,  or 
separate  from  each  other.  These  are  the  endo~ 
gonidia. 

d.  The  columella,  best  seen  in  those  which  have  burst. 
It  consists  of  a very  thin  cell  wall,  projecting  into 
the  interior  of  the  sporangium.  It  is  really  a septum 
dividing  the  sporangium  from  the  hypha,  which  has 
bulged  into  the  cavity  of  the  sporangium. 

e.  The  endogonidia.  These  are  small  cells,  of  an  oval  or 
cylindrical  form,  and  consist  of  cell  wall  and  protoplasm. 

/.  The  collar  around  the  base  of  the  columella  in  the 
burst  sporangium. 

iii.  Make  out  the  structure  of  these  parts  better,  by  staining 
with  Iodine  solution. 

Observe  : — 

a.  The  protoj^lasm  stains. 

h.  The  cell-walls  do  not  stain. 

By  this  means,  distinguish  the  cell  wall  in — 

1.  The  hyplice. 

2.  The  sporangia. 

3.  The  endogonidia. 
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iv.  Examine  some  young  Mucor  plants,  wliicli  have  been 
produced  by  sowing  the  endogonidia  in  Pasteur’s  solution. 

Observe  : — 

a.  The  liyplia',^  radiating  from  the  endogonidia. 
h.  They  branch. 

c.  The  entire  absence  of  septa  in  the  submerged  hyphae. 
(Tlie  Mucor  plant,  in  fact,  is  a dm  fie,  muoli-hranchfid 
cell.) 

(1.  The  aerial  hyphae,  produced  from  the  centre  of  the 
young  plant. 

V.  Sometimes,  one  may  find  some  Mucor  plants  which  have 
zygospores.  If  you  are  fortunate,  you  may  see  these, 
and  the  stages  in  their  formation. 

Observe  ; — 

a.  The  production  of  outgrowths  from  adjacent  hyphae. 
These  grow  towards  each  other. 

h.  The  union  of  these  outgrowths  together. 

c.  The  zij(iosj)ore.,  lyiiig  between  two  hyphae ; it  is  rounded, 
has  irregular  projections  from  its  surface  ; is  closed  off 
from  the  adjacent  hyphae.  It  is  formed  by  conjugation 
of  the  outgrowths  of  the  hyphae. 


iv.  The  Fungi— Penicillium  glaucum. 

i.  Sow  some  “ spores  ” of  Penicillium  in  Pasteur’s  solution 
in  a shallow  dish.  Keep  in  a warm  place,  and  after  a day 
or  two,  examine  the  young  Penicillium  plants  with  a low 
power. 

Observe : — 

a.  In  very  young  plants,  the  presence  of  one  or  two 
little  prominences  on  the  surface  of  the  “ spore.” 

h.  The  development  of  these  into  hyphie  radiating 
from  the  “spore”  as  a centre. 

c.  The  branching  and  elongation  of  these  hypha\ 

d.  The  formation  of  seyta  in  them. 

e.  Their  gradually  interlacement  into  a dense  felt-like 
mass. 

f.  The  formation  of  arrial  liyplm. 

y.  The  production  of  a green  powdery  matter  on  the 
aerial  hyphae  (new  “ spores  ”). 

K.B. — It  would  take  too  long  a time  to  watch  these  stages  on 
one  specimen ; but  different  specimens  may  be  found 
showing  all  these  stages. 
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ii.  Eximiine  with  the  naked  eye,  or  a pocket  lens,  the 
cliaracters  of  a fully  formed  plant. 

Oljserve : — 

a.  The  powdery-looking  surface,  of  a green  colour, 
due  to  the  so-called  “spores,”  or  dijlogonidia, 
which  are  home  on  the  aerial  huphui. 

h.  The  dense,  tough,  felt-like  mycelium,  consisting  of 
large  numhers  of  hyphae  interlaced.  It  is  colour- 
less. 

(*.  The  mhmeryed  Ityplne,  consisting  of  small,  white, 
branched  processes,  hanging  from  the  under  surface 
of  the  mycelium  into  the  Pasteur’s  fluid. 

iii.  Take  a bit  of  the  mycelium  and  tease  up  in  a little 
Pasteur’s  fluid.  Cover  and  examine  with  a high  power. 

Observe  : — 

The  interlacing  lipplue,  consisting  of  threads,  having 
an  outer  transparent  cell  wall,  and  containing  granular 
protoplasm,  \vith  vacuoles  and  globules  of  fat.  ETote 
presence  of  septa  dividing  the  threads  into  a number 
of  elongated  cells,  placed  end  to  end  (compare  Mucor). 
Note  also  the  form  of  the  branching  of  the  hyphee. 
It  is  dichotommts ; branching  frequently  occurs  just 
behind  a septum  in  the  hyphae. 

iv.  Tease  out  in  the  same  way,  a bit  of  the  green  surface  of  a 
Penicillium.  Cover  and  examine  with  a high  power. 

Observe ; — 

a.  The  conidiophores,  consisting  of  a single  primary 
erect  aerial  h}qDh£e,  which  divides,  in  a character- 
istic manner,  into  branches  ; the  whole  forming  a 
kind  of  “ brush.”  The  summits  of  the  ultimate 
branches  become  divided  by  a number  of  constric- 
tions into  chains  of  small  rounded  bead-like 
bodies  (the  gonidia).  On  account  of  their  mode 
of  production,  they  are  called  stylogonidia. 
(Compare  Endogonidia  of  Mucor). 

h.  The  stylogonidia.  Those  at  the  extremities  of 
the  branches,  become  detached  as  ripe  gonidia. 
Note  that  each  is  of  spherical  form,  has  a cell 
wall,  protoplasm  and  vacuole.  The  structure  may 
be  made  more  obvious  by  treatment  witli  Potash 
solution. 
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V,  Examine  some  of  the  Pasteur’s  fluid  in  which  Mucor  or 
Penicillium  has  been  growing,  cover,  and  use  a high 
power. 

Observe 

Some  small  round  cells,  having  the  appearance  and 
structure  of  Torulse. 

They  are  indistinguishable  from  Torulae,  and  may  be 
best  seen  when  the  Pasteur’s  solution,  with  growing 
Mucor  or  Penicillium,  has  been  kept  in  a constant  state 
of  agitation.  They  result  from  the  breaking  up  of  the 
hyphse  of  these  plants,  and  are  called  “ Mucor-Torulae  ” 
or  “ Penicillium-Torulse.” 

vi.  In  rare  cases,  the  second  method  of  reproduction  may  be 
seen  in  Penicillium.  Little  outgrowths  from  a hyphae 
arise,  these  grow  towards  each  other,  intertwine,  and  then 
become  enclosed  in  a dense  felt  work  of  small  hyphae 
])i*oduced  around  them  (the  sclerotium).  Within  the 
sclerotium,  there  is  produced  a body,  consisting  of  lobose 
and  filamentous  processes.  From  the  extremities  of  the 
lobose  parts  of  it  are  produced  asci,  in  each  of  which  arise 
eight  ascospores.  Each  of  these,  develops  into  a new' 
Penicillium  plant. 


V.  The  Algae— Protococcus. 

i.  Take  some  of  the  green  incrustation  seen  on  damp  gutters 
or  such  places.  Suspend  in  water,  and  examine  a drop  wnth 
a high  power. 

Observe : — 

a.  Size  and  form  of  ProtoCOCCUS  cells. 
h.  Their  structure. 

1.  Cell  toall. 

^2.  Protoplasm,  no  nucleus  visible. 

3.  Green  colour,  due  to  the  presence  of  clilorophyll, 
sometimes  red. 

ii.  Stain  with  Iodine. 

Observe  : — 

a.  Staining  of  the  protoplasm. 
h.  Cell  wall  not  stained. 

('.  A blue  coloration  sometimes  (starch). 

iii.  Crush. 

Observe : — 

Protoplasm  (stained)  and  burst  cell  wall. 


57 


iv.  Stain  witli  Iodine  and  Snl[)liuric  Acid. 

Observe  : — 

Blue  rolorafion  of  the  cell  wall  (rclhdose). 

V.  Sometimes,  two  or  four  cells  are  found  adhering  together. 
This  is  owing  to  the  fact  that  a protococcus  has  just  divided 
hi/  fission.  When  simple  fission  occurs,  a new  cell  wall  is 
formed  only  along  the  plane  of  division.  Sooner  or  later, 
the  young  protococci  separate. 

vi.  Occasionally,  one  finds  protococci  in  a motil©  Stat6. 
Mount  some  water  containing  motile  protococci  and  examine 
with  a high  poAver. 

Observe  : — 

a.  Pyriform  cells,  consisting  of  a colourless  cell  membrane, 
surrounding  a mass  of  green  ’protoplasm  accumulated 
towards  the  narrow  end  of  the  cell.  The  protoplasm  is 
free  from  the  cell  wall,  except  at  the  narrow  end  of 
the  cell,  and  is  separated  from  it  by  a space.  Two 
cilia  are  found  projecting  from  this  narrow  end  of  the 
cell  and  are  continuous  with  the  protoplasm  at  this 
spot.  By  the  action  of  these  cilia,  rapid  gliding  move- 
ment of  the  cell  through  the  water  is  produced. 

. b.  Sometimes  similar  cells  arc  seen,  consisting  of  simply  a 
naked  mass  of  protoplasm,  without  any  cellulose  cell  wall. 

vii.  The  main  difference  between  the  physiology  of  proto- 
coccus and  that  of  Torula  is  the  function  associated  with  the 
presence  of  chlorophyll,  in  the  former.  OAving  to  the 
existence  of  this  substance,  the  protococcus  can  decompose 
carbon  dioxide  gas,  in  the  presence  of  sunlight,  and  obtain 
its  carbon  from  this  source. 

To  demonstrate  this,  an  experiment  of  the  following  kind 
should  be  done  : — 

Take  three  test  tubes,  a,  b,  c;  half  fill  them  Avith  mercury  ; 
in  a and  b,  place  enough  water  containing  large  numbers 
of  protococci  to  fill  the  tube  ; fill  c with  distilled  Avater  ; 
invert  over  mercury  and  introduce  about  an  equal  quantity 
of  carbon  dioxide  into  each.  Place  a in  sunlight,  b in 
darkness,  c in  sunlight.  After  a fcAV  days,  examine  and 
determine  the  chemical  nature  of  the  gas  at  the  summits 
of  the  three  tubes.  It  will  be  found,  that  the  tube  {a) 
exposed  to  sunlight  contains  chiefly  oxygen  gas,  that  in 
the  others  is  carbon  dioxide.  Oxygen,  therefore,  is  ex- 
haled and  carbon  dioxide  decomposed  by  those  plants 
Avhich  contain  chlorophyll,  under  the  influence  of  sunlu/ht. 
The  experiment  may  be  repeated  for  Torula,  and  it  will  be 
found,  that  it  has  no  poAver,  under  any  circumstances,  of 
decomposing  carbon  dioxide  gas. 
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vi.  The  Algae— Spirogyra. 

i.  jMoimt  in  water,  a portion  of  a filament  of  Spirogyra 
Examine  with  a low,  and  afterwards  with  a high  power. 

Observe : — 

a.  The  single  row  of  elongated  cylindrical  cells,  placed 
end  to  end. 

b.  Between  adjacent  cells  a transverse  partition  (cell  wall), 
common  to  the  two  adjacent  cells. 

c.  In  each  cell  note  : — 

1.  The  cdl  wall,  continuous  from  cell  to  cell,  and 
with  the  common  transverse  partitions. 

2.  The  2^y>>topkism.  The  greater  part  of  this  forms 
a layer  lying  immediately  beneath  the  cell  wall 
(primordial  utricle).  From  this,  there  pass  a 
number  of  delicate  threads  of  protoplasm,  con- 
verging towards  the  centre  of  the  cell,  where 
they  unite  into  a little  mass  of  protoplasm  sur- 
rounding : — 

3.  The  rounded  nucleus. 

4.  The  spirally-twisted  band  of  chlorophyll  lying  in 
the  primordial  utricle.  It  is  seen  to  make  two  or 
three  complete  turns  round  the  cell.  Its  margins 
are  irregular.  Lying  in  it,  are  usually  seen  several 
groups  of  starch  grains  arranged  in  a characteristic 
wreath-like  manner.  A few  bright  refractive  oil 
globules  are  also  seen. 

5.  The  large  vacuole,  lying  within  the  layer  of 
primordial  utricle.  In  it,  the  nucleus  is  found 
surrounded  by  a small  mass  of  protoplasm.  The 
vacuole  contains  the  cell-sap>. 


ii.  Treat  a filament  of  Spirogyra  with  alcohol,  then  stain  in 
Spider’s  purple  or  eosin,  and  mount  in  dilute  glycerin. 

Observe  : — 

a.  The  protoplasm,  stained  and  more  distinct. 

h.  The  nuclci(>i^  deoply  stained  and  now  rpiite  distiiict,  in 
the  middle  of  the  ('(dl. 
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iii.  Stain  a filament  with  Iodine. 

(Observe  : — 

a.  The  protoplasm,  nucleus,  and  chlorophyll  band  stained 
brown. 

h.  Blue  coloration  of  the  rounded  starch  grains  in  the 
chlorophyll  band. 

iv.  Blount  in  Avater  some  Spirogyra  filaments,  Avhich  have 
been  kept  in  darkness  and  with  a limited  supply  of  food  for 
some  time,  and  look  for  pieces  showing  conjugation. 

Observe  : — 

a The  formation  of  protuberances  from  the  adjacent 
sides  of  the  cells  of  tAvo  adjacent  filaments. 

h.  The  groAvth  of  these  protuberances  towards  each  other 
until  they  meet. 

c.  The  portions  of  cell  Avail  separating  the  protuberances 
break  doAvn,  so  that  the  cavities  of  the  tAvo  cells  become 

' continuous. 

fl.  Shrinking  of  the  protoplasm  in  the  conjugating  cells, 
so  as  to  form  rounded  masses  separated  from  the  cell 
Avails  by  a space. 

e.  The  passage  of  the  protoplasm  from  one  of  the  con- 
jugating cells,  across  the  open  passage,  into  the  other 
cell,  Avhere  coalescence  takes  place  betAveen  the  tAvo 
masses  of  protoplasm. 

f.  An  empty  filament,  consisting  simply  of  the  cell  walls 
and  the  remains  of  the  outgroAvths,  may  be  seen. 
Attached  to  such  a filament,  may  be  seen  another,  in 
Avhich  the  cell  Avails  remain,  each  one  enclosing  a 
rounded  broAAm-coloured  body,  the  zyfjosyore. 

tj.  The  zijyofipores.  Each  consists  of  a thick  cell  icaU, 
containing  broAvn  granular-looking  protoplasm. 

]Mount  in  glycerin,  some  filaments  of  Spirogyra,  Avhich 
have  been  treated  as  folloAvs  : — 

Whilst  in  an  active  state  of  cell  division  (Avhich  only 
occurs  at  night),  the  filaments  are  placed  in  Aveak  spirit, 
Avhich  kills  them  and  preserves  them  in  the  various  stages 
of  fission. 

Observe  : — 

a.  Contraction  of  the  protoplasm  from  the  cell  Avail. 
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1).  Commencing  constriction  into  two  parts  by  an  equa- 
torial groove  around  it. 

c.  Growth  into  this  groove  of  an  annular  projection  froru 
the  inner  surface  of  the  cell  wall. 

d.  Greater  and  greater  constriction  of  the  protoplasm,  and 
deeper  and  deeper  growth  of  the  annulus  of  cell  wall. 

e.  Complete  division,  the  annulus  of  cell  wall  now 
forming  a complete  disk,  separating  the  daughter- 
masses  of  protoplasm. 

jST.B. — Some  or  all  of  these  stages  may  be  found,  but 
they  are  sometimes  difficult  to  obtain.  The  behaviour  of 
the  nucleus  may  be  seen  by  staining  the  filaments  with 
Spider’s  purple,  or  with  hiematoxylin.  Division  of  the 
nucleus  is  only  complete  when  division  of  the  cell  is  nearly 
accomplished. 


vii.  The  Alg8e — Fucus  vesiculosus. 

i.  Examine  carefully  with  the  naked  eye,  the  external  features 
of  a Fucus  plant. 

Observe  : — 

a.  Greenish-hmwn  colour. 

b.  Tough  cartilaginous  consistency. 

c.  The  absence  of  any  distinction  into  root,  stem,  and 
leaf ; such  a vegetative  structure  is  a thallome. 

d.  The  thallome  is  attached  to  stones  or  other  objects  by 
means  of  a dish,  which  is  large  and  branched. 

e.  The  form  of  the  thallome  ; in  the  lower  parts,  narrow 
and  cylindrical ; higher  up,  flattened  and  strap-like. 

/.  The  branching  of  the  thallome.  The  branches  are 
all  in  one  plane,  and  are  arranged  on  the  dichotomous 
iflan. 

g.  Kounded  terminations  of  the  younger  branches,  where 
growth  of  the  thallome  is  proceeding. 

h.  A thickening  in  the  middle  of  the  thallome  ; it  runs 
down  it  longitudinally,  and  branches  in  the  same  way 
as  the  thallome.  The  dichotomy  can  be  well  seen  by 
tracing  this  thickening  up  into  the  younger  branches. 

i.  Here  and  there,  are  rounded  swellings,  having  'a 
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resistant  elastic  feel.  These  are  air-vesicles. 
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/.  Covering  most  of  the  surface  of  the  tliallomc  are  small 
clots,  corresponding  to  depressions  of  the  surface, 
projecting  from  vdiich,  ai-c  small  tufts  of  hairs. 

/.•.  The  extremities  of  some  of  the  branches  present 
a different  appearance  to  the  rest.  They  are  rougher, 
swollen,  and  have  very  distinct  dots  upon  them. 
These  dots  have  bunches  of  hairs  projecting  from  them. 
They  correspond  to  the  mouths  of  large  cavities  in  the 
thallome,  in  which  the  reproductive  organs  are  deve- 
loped, and  are  known  as  conce'ptades.  The  branches 
having  this  appearance  are  the  fertile  ones. 

/.  General  slimy  feel  of  the  whole  plant,  due  to  the 
presence  of  a large  quantity  of  mucilage  in  its  tissues. 

ii.  Cut  across  one  of  the  fertile  branches. 

Observe  : — 

a.  The  greenish-coloured  tissue  at  the  surface  (so-called 
exyidermis). 

h.  The  colourless,  gelathious  looking,  soft  tissue  in  the 
centre. 

c.  The  rounded  green-coloured  conceptaclcs^  depressed 
beneath  the  surface  of  the  thallome. 

iii.  Place  a piece  of  the  thallome  in  alcohol  for  a short 

time  (so  as  to  remove  some  of  the  water,  and  render  it 

easier  to  cut).  Then  cut  thin  transverse  sections  of  it. 

Mount  in  glycerin.  Examine  with  low  and  high  powers. 

Observe  : — 

a.  The  closely-crowded,  dark  coloured  cells  at  the  surface. 
They  are  small,  and  arranged  in  a prismatic  layer, 
distinct  from  the  tissue  beneath.  This  layer  may  be 
called  epidermis.  Note  the  cell  walls  and  brown 
granular  contents — protoplasm,  containing  a colouring 
substance  allied  to  chlorophyll. 

b.  The  lighter  tissue  inside,  consisting  of  round  cells. 

Note': — 

1.  The  common  cell  wall,  colourless,  swelling  greatly  in 
water,  aiq3caring  like  a sort  of  “ intercellular  sub- 
stance.” It  is  com])osed  of  mucilage. 

2 The  second  layer  of  cell  icall,  special  to  each  cell. 
It  is  colourless,  thick,  and  transj)arent,  and  firmer  and 
more  comiDact  than  the  common  cell  wall. 

3.  The  granular  cell  contents,  of  a brownish-green  colour, 
and  consisting  of  protoplasm  and  a special  colouring 
substance. 
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iv.  Cut  thill  traiisver.se  sections  of  a fertile  branch,  having 
previously  kept  it  in  alcohol  for  a short  time.  Examine 
Avith  a loAv  and  high  power. 

Observe  : — 

a.  The  (jeneral  snhsfancr^  of  the  thallome,  consisting  in  this 
situation,  of  branched  rows  of  cells,  smaller  than  in 
the  lower  parts  of  the  thallome,  each  cell,  however, 
having  the  same  general  structure  as  above. 

h.  The  ('pidermal  layer.  Trace  this  till  you  come  to  the 
mouth  of  a conceptacle.  Here  it  is  seen  to  become 
continuous,  Avith  the  layer  of  cells  lining  the  con- 
ceptacle. (The  conceptacle  is,  in  fact,  develoi:)ed  by 
a depression  of  the  surface  of  the  thallome.)  The 
structures,  therefore,  Avhich  arise  from  the  Avails  of  the 
conceptacles,  are  morphologically  trichomes. 

c.  The  structures  Avithin  the  conceptacles.  These  are  : — 

1.  Sterile  hairs,  consisting  of  long  unbranched  rows 
of  cells.  They  are  very  numerous,  and  a large 
number  of  them  project  from  the  mouths  of  the 
conceptacles. 

2.  SomeAvhat  shorter  hairs,  Avhich,  hoAvever,  are 
branched.  They  consist  of  many  cells,  and  Avhere 
they  branch,  are  seen  tAvo  or  three  oval  cells  of 
darker  appearance  than  the  rest.  These  cells 
haAm  very  granular  contents.  They  are  the 
Antlieridia,  or  male  organs  of  reproduction.  In 
them,  subsequently  are  produced  the  ant1iero7:ooids. 

3.  A third  kind  of  tricliome,  consisting  of  a short 
cubical  basal  cell,  and  a single,  much  larger 
globular  one,  having  a thin  cell  Avail  and  A^ery 
dark  granular  contents.  These  are  the  Oogonia, 
or  female  organs.  Very  often  the  contents  of 
the  globular  part  of  the  oogonia  can  be  seen  to 
be  divided  more  or  less  completely  into  eight 
segments.  Sometimes,  these  eight  segments  are 
seen  as  very  distinct  rounded  bodies  Avithin  the 
oogonia.  They  are  the  Oospheres.  By  the  union 
together  of  the  antherozooids  and  the  oospheres, 
fertilization  is  effected,  an  Oospore  being  the  re- 
sult of  the  fertilization.  Note  that  each  oosphere 
has  a nucleus,  but  no  cell  AA^all  of  its  OAvn. 
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viii.  The  Characese — Chara — Nitella. 

i.  Examine  with  the  naked  eye  a Chara  plant. 

Observe  ; — 

a.  The  central  slender,  green,  elongated  'primary  axis  or 
stehi. 

b.  The  appendages  given  off  from  this  axis  in  a series  of 
whorls.  These  are  the  leaves;  there  are  several  of 
them  in  each  whorl  {eiyhf  or  ten). 

c.  The  i^arts  of  the  stem  from  Mdiich  the  leaves  are  given 
off,  and  the  lengths  of  stem  between  the  successive 
whorls.  These  are  the  'nodes  and  internodes.  As  you 
pass  upwards  toward  the  summit,  the  stem  becomes 
smaller,  and  the  whorls  of  leaves  closer  together,  so 
that  the  internodes  are  shorter  near  to  the  summit. 

d.  The  terminal  bud,  consisting  of  several  whorls  of 
leaves  crowded  together  and  covering  over  the  apex  of 
the  stem. 

e.  The  leaflets.  Short  lateral  appendages  borne,  at  inter- 
vals, on  the  leaves. 

/.  The  reproductive  oryans.  These  are  situated  on  the 
lower  parts  of  the  leaves,  in  the  same  positions  on  the 
fertile  leaves,  as  is  occupied  by  the  leaflets.  A few 
leaflets  frequently  surround  them.  There  are  two 
kinds  of  reproductive  organs,  which  are  attached  to 
the  leaf  close  together,  female  or  7iucules,  and  male  or 
ylobules,  the  latter  globular  and  the  former  flask-shaped. 
They  have  a dark-brown  or  orange  colour,  when  ripe. 

f).  The  branches  of  the  primary  axis.  Sometimes  no 
secondary  axes  or  branches  are  seen ; at  other  times 
branches  are  found,  and  when  so,  only  07ie  branch  is 
given  off  from  each  node.  They  are  never  given  oft' 
elsewhere  than  in  the  axils  of  the  leaves.  When 
several  successive  nodes  bear  a branch  each,  in  the  axil 
of  one  of  the  leaves,  the  branches  are  not  placed  oppo- 
site each  other,  but  are  arranged  along  a spiral  line 
winding  round  the  stem.  The  branches  have  the 
same  general  appearance  as  the  primary  stem,  bearing 
leaves  and  having  terminal  buds. 

h.  The  7'hizoids.  Moderately  long  hyaline  filaments, 
which  grow  downwards  from  the  lower  nodes  of  the 
primary  stem,  and  serve  to  fix  the  plant  as  well  as 
obtain  some  of  the  food.  They  are,  morphologically, 
quite  distinct  from  true  roots. 
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ii.  l^xamiiie  with  a low  power,  an  internode  of  the  stem  of 
Chara. 

Observe : — 

a.  A zig-zag  line  across  the  middle  of  the  internode,  corre- 
sponding to  the  line  of  junction  of  the  two  series  of 
cortical  cells  of  the  internode. 

h.  Above  and  below  the  zig-zag  line,  the  spirally-arranged 
long  cortical  cells  of  the  internode. 


iii.  Hold  a piece  of  the  internode  of  a Chara  stem 
between  two  layers  of  elder  pith  or  of  carrot,  and  cut  thin 
transverse  sections.  Examine  with  a high  power,  in 
glycerin. 

Observe  : — 

a.  The  large  central  internodal  cell,  having  a cell  icall,  a 
thin  layer  of  protoplasm  forming  a iwimordial  utricle 
and  a large  central  cell-cavity. 

1).  The  cortical  cells,  forming  a single  complete  layer, 
covering  the  central  internodal  cell.  Make  out  their 
structure,  staining  with  logwood  solution. 


iv.  In  the  same  way,  cut  and  examine  longitudinal  sections  of 
a stem,  taking  care  that  they  pass  through  a node  and 
parts  of  the  two  adjacent  internodes. 

Observe : — 

a.  The  single  central  long  internodal  cell,  surrounded  by — 
h.  The  long  tubular  cortical  cells. 

c.  The  nodal  cells.  Two  or  three,  or  more  in  number, 
small  and  narrow,  appearing  as  a mere  septum  inter- 
rupting the  continuity  of  the  cavities  of  the  internodal 
cells. 

d.  The  attachment  of  the  bases  of  the  leaves  to  the  nodes, 
and  the  continuity  of  the  tissue  of  the  leaves  with 
that  of  the  nodes. 

e.  The  continuity  of  the  cells  of  the  node,  and  those  of 
the  leaves,  with  the  cortical  cells  of  the  internodes. 

/.  In  the  axil  of  a leaf,  may  perhaps  be  seen  a section  of  a 
hud  of  a l)ranch. 
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V Stain  some  transverse  and  longitudinal  sections  in  liaema- 
toxylin  or  carmine,  previously  dissolving  out  the  cldoropliyll 
by  means  of  alcohol.  Examine  with  a high  power. 

Observe  ; — 

In  each  cell, 

CL  ^4  cell  'll' all. 

h.  Primin'dicil  utricle  of  protoplasm,  in  which  lie  nunu'- 
rous  chlorophyll  bodies  (stained). 

c.  Vacuole. 

(1.  Nucleus  \only  seen  if  your  section  has  been  fortunate). 

vi.  Examine  the  terminal  bud  of  a Chara  stem  according  to 
the  directions  given  at  page  40,  or  specimens  which  have 
been  treated  with  Chromic  or  Picric  Acid  and  preserved  in 
spirit,  may  be  used.  They  may  be  stained  in  logwood  or 
carmine,  then  cleared  and  dissected  in  clove  oil,  and  finally 
mounted  in  Canada  balsam. 

■vii.  Examine  with  a low  power,  a leaf  of  Chara. 

Observe  ; — 

a.  The  succession  of  nodes  and  internodes.,  the  latter 
covered  by  cortical  cells,  as  in  the  stem  ; the  former 
bearing  leaflets  and  (in  some  cases)  reproductive 
organs. 

h.  The  cqnccd  cell  of  the  leaf,  consisting  of  a large  conical 
pointed  cell.  The  leaf,  when  first  formed,  grows  by 
means  of  subdivisions  of  this  apical  cell ; but  the 
growth  soon  ceases,  so  that  the  leaf  does  not  increase 
after  it  has  attained  a certain  size. 

v’iii.  Examine  with  a high  power  the  terminal  cell  of  a leaf 
(which,  on  account  of  the  absence  of  any  cortical  cells,  can 
be  easily  studied  with  a high  power). 

Observe  ; — 

a.  Regularly  arranged  cldoropliyll  corpuscles.,  large  oval 
bodies,  lying  in  oblique  rows.  These  are  contained  in 
the  peripheral  layer  of  the  primordial  utricle  of  the 
cell. 

1).  The  ichite  line,  passing  obliquely  up  the  cell,  and 
formed  by  a band  in  which  no  chlorophyll  bodies  lie. 

c.  Rotedion  of  the  deeper  layer  of  protoplasm,  ])assing  as 
a current  up  one  side  of  the  white  line  and  dowii  the 
other.  Xo  movement  in  the  white  liiui  itself. 
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ix.  Ill  sections  of  a leaf,  it  can  be  shown  tliat  they  have  the 
same  essential  structure  as  the  stem. 

X.  Mount  in  water  one  of  the  rhizoids  of  Chara.  Examine 
with  a high  power. 

Observe  : — 

A single  row  of  cells,  slender,  thin-walled,  exhibiting 
rotation  of  protoplasm.  They  present  a swollen 
appearance  where  two  cells  join. 

xi.  Cut  off  a fertile  leaf  of  Chara,  and  examine  in  glycerin 
with  a low  power. 

Observe  ; — 

a.  The  globule,  orange-coloured  if  ripe,  greenish  if  young. 
On  its  surface,  make  out  the  outline  of  the  eight  cells 
or  segments,  which  make  up  its  outer  wall  {shields). 
The  margin  of  each  shield  is  deeply  dentated.  They 
are  arranged  in  two  sets  of  four.  The  four  upper 
shields  are  triangular  in  form,  the  four  lower  some- 
what cpiadrilateral.  Each  globule  has  a short  stalk, 
and  appears  dark  in  its  globular  part,  except  around 
the  margin,  where  there  is  a clear  band,  owing  to  the 
dark  contents  of  the  shields  not  lying  in  the  peripheral 
parts  of  the  cells. 

h.  Tlic  nucule.  It  has  an  oval  or  somewhat  flask-like 
form.  Around  its  lower  part  are  seen  five  spirally-twisted 
cells  {encircling  cells),  each  terminating  at  the  summit 
of  the  nucule  in  a single  short,  somewhat  pointed  cell. 
There  are  thus,  five  of  these  short  cells  surrounding 
the  neck  of  the  nucule  ; they  form  the  corona.  In  the 
young  state,  the  neck  is  closed  by  these  crown-cells  : 
but  they  separate  when  the  nucule  becomes  ripe. 

xii.  Take  a ripe  Grlobule,  and  tease  it  in  water.  Put  on  a 
cover-glass  and  gently  press  out  its  contents.  Examine 
first  with  a low,  and  then  with  a high  power. 

Observe  : — 

a.  The  flattened  external  shields,  of  a brown  colour,  each 
a segment  of  a sphere. 

1).  The  somewhat  elongated  cylindrical  cell,  attached 
perpendicularly  to  the  centre  of  the  inner  surface  of 
each  shield — the  manubrinm.  Jt  has  clear  contents, 
and  exhibits,  if  not  too  old,  the  rotation  of  proto- 
plasm. 
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r.  Attaclicd  to  the  inner  extremity  of  the  inaniihrium,  is 
a short  cubical  cell,  known  as  the  priinarii  rajiitulnw. 

d.  Around  each  primary  capitulum  and  attached  to  it,  are 
seen  six  scro/tdari/  cajjlfida,  smaller  cubical  cells,  with 
clear  or  slightly  granular  contents. 

0.  Four  narrow  elongated  slender  p'la)nnits,  attached  to- 
each  secondary  capitulum. 

f.  Each  filament  consists  of  a laro-e  number  of  small 
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compressed,  cubical  or  disk-like  cells,  united  into  a 
single  row.  These  cells,  when  ripe,  are  each  seen  to 
contain  a single,  spirally  coiled  Aufhcovzooid.  When 
not  quite  ripe,  each  is  a mother  cell  of  an  Antherozooid,. 
and  then  contains  a nucleated  mass  of  protoplasm. 

ij.  The  Anti terozoo ids  are  sometimes  found  free  ; they  are 
then  seen,  with  a high  power,  to  consist  of  a rather 
swollen  extremit_y  or  hmd,  tapering  into  a hodu  which 
makes  one  or  two  turns  of  a spiral,  and  terminates  in 
tico  long  hyaline  cilia. 

xiii.  Take  a young  nucule,  which  has  been  treated  with 

Chromic  or  Picric  Acid,  clear  it  with  Potash,  and  pres.^ 

out  under  a eover  glass  in  glycerin. 

Observe ; — 

a.  The  large  central  cell,  in  the  swollen  globular  part  of 
the  nucule.  This  is  the  oosphere. 

b.  The  five  encirclind  tubes,  terminated  by  : — ■ 

c.  The  five  crown-cetts. 

d.  The  single  stalk-cell  at  the  base. 

xiv.  If  Chara  cannot  be  obtained,  work  Avith  Nitella,  wlikh 

agrees  in  the  main  with  Chara. 

Observe : — 

a.  The  absence  of  any  covering  of  cortical  cells  in  the 
internodes  of  the  stem  and  leaves,  so  that  this  type 
serves  better  than  Chara  to  observe  the  rotation  of  the 
protoplasm,  which  may  be  seen  in  any  of  the  cells  of 
the  stem  or  leaf. 

b.  At  the  terminations  of  the  fertile  leaves  are  seen  : — 

1.  Two  lateral  leaflets. 

2.  A siiKjle  terminal  globule,  having  the  same  struc- 
ture as  the  globule  of  the  Chara.  It  occupies  the 
extreme  apex,  and  is.  formed  by  a metamorphosis 
of  the  apical  cell  of  the  leaf. 
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3.  When  the  single  globule  is  nearly  ripe,  there  are 
seen  tn:o  young  nucules  just  beneath  it,  developed 
in,  as  it  were,  the  axils  of  the  two  lateral  leaflets 
of  the  summit  of  the  leaf. 

r.  The  spirally-twisted  encircling  cells  of  the  nucules  are 
each  capped  by  f/wo  crown-cells,  not  one. 

d.  When  branches  are  formed  at  the  nodes  of  the  stem, 
two,  instead  of  one,  are  produced  from  each  whorl,  in 
the  axils  of  two  opposite  leaves. 

e.  In  other  particulars  Nitella  resembles  Chara. 


ix.  The  Muscinese  — The  Oophore 
generation.- 

i.  Examine  the  naked  eye  characters  of  a young  plant  of 

Funaria  hygrometrica. 

Observe  : — 

a.  The  stem  or  axis,  consisting  of  a toughish  stalk  of 
cylindrical  form  and  brown  colour.  On  it,  are  seen  : — 

h.  Closely-croAvded  leaves,  delicate,  flat,  green,  sessile  upon 
the  stem,  ovoid  in  form,  with  pointed  extremities.  On 
careful  examination,  these  are  seen  to  be  arranged  in 
three  rows  passing  around  the  stem  in  the  form  of 
parallel  spirals. 

r.  At  the  base  of  the  stem,  where  it  is  attached  to  the 
soil,  are  numbers  of  small  brown  filaments,  which  serve 
to  attach  the  plant  to  the  soil.  These  are  the  rliimids 
or  root-hairs.  They  are  not  true  roots. 

d.  Reproduet ive  ortjans,  borne  on  the  summit  of  the  stem, 
(acrocarpous  Mosses),  and  surrounded  by  numerous 
leaves  crowded  near  the  summit.  In  the  male  plants, 
they  are  of  hroicnish  colour,  and  in  female  plants,  of  a 
purplish  tint  and  almost  covered  by  surrounding 
leaves. 

ii.  Cut  thin  transverse  sections  of  the  lower  part  of  the  stem 
of  Funaria  hygrometrica,  holding  it  between  two 
layers  of  ('Ider  i^ith  or  of  carrot.  Mount  in  glycerin  and 
examine  with  a high  power. 


G9 


Observe  : — 

a.  The  ouf(‘)-wo,<tf  lai/rr  of  of  darlv  In’own  colour, 

small,  but  with  thick  cell  walls. 

J>.  Internal  to  this,  two  or  three  layers  of  cells,  whose 
walls  are  still  of  a dark  brown  colour  and  thickened. 
As  you  work  from  the  exterior  inwards,  you  find  that 
the  cell  walls  are  less  and  less  thickened  and  the  cells 
become  larger. 

c.  Internal  to  these  layers  of  sclerenchymatous  tissue, 
are  several  layers  of  larger,  thin-walled,  colourless 
parenchijniafous  cells. 

d.  Occupying  the  axis  of  the  stem,  is  seen  a central  mass 
of  very  thin-walled  small  cells.  This  central  mass  of 
cells  is  sometimes  regarded  as  a rudimentary  fibrn- 
va!<ci(lar  J>im(lh\  but  beyond  these  small  cells,  which  in 
longitudinal  sections  are  seen  to  be  elongated  and 
somewhat  cambiform  in  shape,  there  are  not  found  in 
the  axial  cells  of  the  Moss  anything,  comparable  to  the 
proper  cells  of  fibro-vascular  bundles  in  higher  types. 

iii.  Mount  in  glvcerin  one  of  the  leaves  of  Punaria.  Examine 

if  ty 

with  a low  power. 

Observe  : — 

a.  A central  midrib^  running  up  the  leaf  and  dividing 
it  into  two  lateral  halves. 

b.  In  each  half,  a single  layer  of  cells  forming  the 
flattened  expanded  part  of  the  leaf.  Each  cell 
contains  numerous  rounded  chlorophyll  corpuscles 
imbedded  in  colourless  protoplasm. 

f.  In  the  region  of  the  midrib,  there  are  several 
layers  of  cells,  which  are  narrow,  thin  walled,  and 
elongated,  like  those  found  in  the  axial  tissue  of 
the  stem,  and  supjiosed  to  be  a continuation  of  the 
rudimentary  bundle  of  the  stem. 


iv.  Mount  in  glycerin  some  of  the  rhizoids  from  Punaria. 
Examine  with  a high  power. 

Observe : — 

Each  rhizoid  consists  of  a single  irregular  row  of  cells, 
whose  cell  walls  are  somewhat  thickened  and  are  of  a 
dark  brown  colour.  The  cell  contents  are  gramdar 
protoplasm,  containing  oil  globules.  The  cells  are 
separated  by  thin  oblique  septa. 
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V.  Cut  off  with  scissors,  the  summit  of  a fertile  male  plant 
of  Funaria.  Place  in  glycerin  on  a slide  and  dissect  it 
with  needles. 

Observe : — 

a.  That  a group  of  reproductive  organs  terminates 
the  itrUnary  axu  of  the  plant  (acrocarpous 
Mosses). 

h.  The  more  or  less  expanded  broad  delicate  leaves 
of  a pale  green  colour,  which  form  a sort  of 
“ perianth  ” around  the  reproductive  organs  within. 
These  “perianth”  leaves  are  i\iQ  periij07iiuni. 

c.  The  closely  packed,  l)rownish  or  orange  coloured 
Anthxrid ia,  occupying  the  centre  of  the  ring  of 
“ perianth  ” leaves. 

vi.  Having  teased  up  the  reproductive  organs,  mount  in 
glycerin  and  examine  first  with  a low,  then  with  a high 
power ; or  cut  longitudinal  sections,  by  placing  between  tw(^ 
layers  of  elder  pith,  and  mount  in  the  same  way. 

Observe : — 

a.  The  Antheridia.  Long,  club-shaped  bodies,  form- 
ing a large  group  at  the  somewhat  expanded 
summit  of  the  stem.  Each  Antheridium  has  a 
dalk  made  up  of  two  or  three  rows  of  cells,  and 
an  elongated  cylindrical  hody,  consisting  of  a single 
layer  of  flattened  cells  forming  a wall,  and  a large 
central  mass  of  numbers  of  round  or  spherical  cells. 

In  an  Antheridium  which  has  been  broken, 
the  large  central  mass  may  be  seen  to  be  held 
together  by  a gelatinous  material.  These  small 
cells  are  the  mother  cells  of  the  Antherozooids,  and 
each  produces  a single  Antherozooid. 

b.  Paraj)hyses,  consisting  of  long  hair-like  bodies 
occurring  amongst  the  Antheridia.  Each  consists 
of  a single  row  of  cells ; some  are  terminated  by  a 
globular  cell.  These  are  not  reproductive  in 
nature,  being  only  sterile  hairs. 

vii.  At  the  summit  of  a female  plant  of  Funaria,  make 
out : — 

a.  A terminal  hud,  consisting  of  numbers  of  leaves 
folded  over  the  summit,  and  covering  over  the 
reproductive  organs. 
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The  leaves  are  similar  to  the  ordinary  foliage 
leaves,  and  there  are  several  layers  of  them 
becoming  smaller  towards  the  centre  of  the  biid. 
They  form  i\m  pn'irliOitriun. 

Ik  Tire  dark  central,  purplish  or  brownish  spot,  in 
the  centre  of  the  bird  and  nearly  hidden  l)y  the 
encircling  leaves. 

This  body  is  the  mass  of  Arrhqionia. 


viii.  Cut  off  the  summit  of  a female  Funaria  and  tease  it  np 
carefully  in  glycerin ; examine  with  a low  and  afterwards 
with  a high  power. 

Observe  : — 

a.  The  Arclieijonia,  they  are  of  a purplish  or 
brownish  colour,  and  each  consists  of  : — 

1.  A short  stalky  broad  and  stout,  of  several  irrws 
cells. 

2.  A body  or  ventral  part,  consisting  of  an  ovoid 
swelling,  whose  wall  is  made  up  of  tu'o  layers 
of  cells,  and  which  contains  a large  central  dark 
cell  or  oospltere. 

3.  A nech\  a long  tube  surmounting  the  ventral 
portion.  In  the  ynunri  sfat(\  it  consists  of  a 
wall  made  up  of  a single  layer  of  cells  arranged 
in  four  longitudinal  rows,  and  a tube  closed  at 
the  summit,  and  containing  a central  or  axial 
row  of  neck  cells  A In  the  more  mature  stair', 
the  cells  of  the  wall  separate  at  the  summit,  so 
as  to  leave  an  opening  leading  into  the  tube  of 
the  neck,  which  is  not  now  filled  by  an  axial 
row  of  “ neck  cells.” 

h.  The  parapliyses,  hair-like  bodies  lying  amongst 
the  Archegonia. 

X.B. — It  is  difficult  to  make  out  the  characters  of  the  punctum 
vegetationis  of  the  Moss,  but  when  it  is  seen,  it  is  found 
to  consist  of  a single  apical  cell  with  three  faces  and  a 
rounded  base,  i.e.  it  has  somewhat  the  form  of  a 
triangular  pyramid,  its  apex  is  directed  towards  the 
tissue  of  the  stem,  and  segments  are  cut  off  froin  it  in 
r(jgular  succession  by  segment  planes  nearly  ])arallel  to 
its  three  faces,  in  order.  Each  segment  of  tlie  motlier 
cell  produces  a leaf,  as  well  as  contril)uting  to  the  general 
meristem  at  the  summit.  There  are  thus  three  rows  of 
leaves. 
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X.  Muscineae — Sporophore  generation. 

The  Sporophore  generation,  or  Sporogonium  of  a Moss,  is 
formed  from  the  fertilized  oosphere  of  the  oophore 
generation,  and  develops  within  the  arcliegoniiim,  which  it 
usually,  sooner  or  later,  ruptures  in  its  growth  ; hut  the 
sporophore  is  ncjmr  mparate  from  the  oophore,  on  which  it 
is  seen  as  a terminal  fructification.  The  most  conspicuous 
stage  in  the  life  history  of  a Moss  is  thus,  the  oophore 
ijeneration  (Cf.  Felicineae). 

i.  Examine  with  the  naked  eye,  or  Avith  a pocket  lens,  a 
Funaria  plant,  in  which  the  sporogonium  is  nearly  ripe 

Observe ; — 

a.  The  stem^  haves,  and  rhizoids  of  the  oophore. 

J).  The  sporot ionium,  consisting  of  : — 

1.  The  seta,  a narrow,  or  slightly  curved,  cylindrical 
stalk,  attached  below  to  the  summit  of  the 
oopliore,  Avhere  it  is  surrounded  by  a number  of 
large  leaves. 

2.  The  capside  or  theca,  borne  on  the  summit  of  the 
seta,  ancl  consisting  of  an  obliquely  pear-shaped 
body  (of  a greenish  colour  Avhen  immature  and 
broAvn  Avhen  ripe). 

3.  At  its  summit,  is  seen  a small  cap-like  body  pro- 
vided with  a short  filament.  This  is  the  cahjptra. 
It  is  not,  properly  speaking,  a part  of  the  sporo- 
gonium, but  is  really  the  remains  of  the  archego- 
nium  of  the  oophore. 

ii.  ]'Aamine  a plant  of  Polytrichum,  in  which  the  sporo- 
gonium is  nearly  ripe. 

Observe  : — 

a.  The  parts  of  the  oophore. 

i).  The  sporogonium,  consisting  of  a long  seta,  stiff,  cylin- 
drical, stouter  than  that  of  Funaria,  firmly  attached 
below  to  the  apex  of  the  oophore,  and  terminating 
above  in  the  capside.  This  is  covered  by  an  extremely 
conspicuous  calijptra,  Avhich  completely  hides  the 
capsule,  and  Avhich  has  a large  number  of  long,  stifi' 

' hairs  projecting  dowiiAvards  from  its  edge.  On 
separating  the  calyptra,  the  oblong,  smooth  capsule  is 
seen.  It  is,  at  its  extremity,  of  a conical  pointed 
form. 
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iii.  Pick  out  a nearly  ripe  capSulG  of  Funaria,  hold  it  between 
two  layers  of  elder  pith  in  such  a way  as  to  cut  longitudinal 
sections.  Mount  in  glycerin,  after  treatment  with  potash, 
and  examine  with  a low  power. 

Observe  ; — 

a.  The  hai<e  of  the  capsule,  consisting  of  small-celled 
tissue,  with  thin  cell  walls,  continuous  with  that  of 
the  seta. 

h.  The  icaJl  of  the  capsule,  made  up  of  three  or  four 
layers  of  cells,  continuous  below  with  the  cells  of  the 
base. 

c.  A central  mass  of  tissue,  consisting  chiefly  of  large 
parenchymatous  cells,  continuous  at  the  summit  of  the 
capsule  with  the  cells  of  the  wall,  and  attached  below 
by  a sort  of  stalk  of  cells  to  the  tissue  at  the  base. 
This  central  mass  of  cells  forms  the  columella. 

d.  A space  lying  between  h and  c,  traversed  by  a few 
narrow  filaments  of  cells.  These,  as  well  as  the  stalk 
of  the  columella,  are  very  often  broken  away  in  makiiig 
the  sections. 

e.  The  tissue  at  the  summit  of  the  cajmile,  continuous 
with  the  wall  laterally,  and  with  the  columella  below. 


iv.  Examine  your  thinnest  and  most  median  section  with  a 
high  power,  previously  clearing  it  with  potash,  if  not 
sufficiently  transparent. 

Observe  : — 

a.  The  wall  of  the  capsule,  made  up  of  ; — 

1.  An  external  sincile  layer  of  flattened  cells,  whose 
walls  are  cuticularised  and  of  a brown  colour. 
The  outer  cell  wall  forms  a distinct  cuticle. 
Sometimes  stomata  may  be  seen  in  this  outer 
layer  of  cells,  which  is  a true  epidermis. 

2.  Two  or  three  layers  of  thin- walled  parenchy- 
matous cells,  containing  a few  chlorophyll  cor- 
puscles. 

3.  A single  layer  of  smaller  cells,  darker,  and  having 
more  granular  contents,  and  containing  chlorophyil 
bodies.  These  immediately  adjoin  the  air  space. 

F 
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i.  The  cohunella,  made  up  of ; — 

1.  A central  mass  of  tliiii-walled  parenchymatous 
tissue.  The  cells  are  large,  and  contain  small 
chlorophyll  bodies. 

2.  A layer  of  cells  in  the  peripheral  parts  of  the 
columella,  distinct  from  the  rest  by  their  dark 
brown  coloiii;.  The  cells  of  this  layer  are  quadi'i- 
lateral  in  form,  possess  dark  granular  contents,  and 
are  considerably  smaller  than  the  central  cells  of 
the  columella.  These  are  the  mother  cells  of  tli(,‘ 
spores. 

3.  The  spore  sac,  consisting  of  a single  layer  of  small 
thin-walled  cells  immediately  inside  the  layer  of 
mother  cells,  and  of  two  or  three  layers  of  similar 
cells  lying  outside  the  layer  of  mother  cells.  This 
outer  layer  forms  the  external  boundary  of  the 
columella,  and  passing  from  it,  are  seen  rows  of 
similar  cells  traversing  the  air  space  and  connecting 
the  columella  with  the  wall  of  the  capsule. 

t\  The  tissue  at  the  summit  o f the  capsule.  Here  the  widl 
and  the  columella  are  coiitinuous.  The  epidermis  in 
this  region,  together  -with  the  more  superficial  of  tin* 
subjacent  cells,  become  differentiated  into  the  operen- 
lum,  which,  when  the  theca  is  ripe,  separates  as  a li<l. 
The  air  space  cannot  be  traced  into  the  tissue  at  the 
summit,  nor  can  the  layer  of  mother  cells  of  the  spores, 
but  the  general  large  celled  tissue  of  the  columella  can 
be  traced  to  the  summit,  where  it  is  covered  by  the 
cap-like  mass  of  cells  of  tlie  operculum.  Between  this 
summit  of  the  columella  and  the  cells  of  the  operculum, 
can  be  distinguished  a layer  of  cells  of  brown  colour 
and  with  thick  cell  walls.  This  layer  of  cells  sub- 
sequently forms  the  peristome,  a structure  con- 
sisting of  a number  of  appendages,  that  surround 
the  opening  at  the  summit  of  the  ripe  theca,  after  tin* 
separation  of  the  operculum.  Around  the  inferior 
margins  of  the  operculum,  the  epidermal  cells  have  a 
peculiar  shape,  their  outer  wall  is  very  thick,  and  they 
form  a raised  ring  or  annulus. 


V. 


Cut  thin  transverse  sections  of  the  Theca  at  various  stages 
Treat  with  potash  and  mount  in  glycerin,  examining  them 
with  a high  power. 


75 


Observe  : — 

Tlie  stages  in  tlie  development  of  tlie  spores. 

1.  Mother  with  granular  contents  and  large  oval 
nuclei. 

2.  Division  of  these  into  two,  and  then  into  four 
dau(/hfer  rells,  each  of  which  develops  a cell  wall 
of  its  own. 

3.  After  separating  from  each  oth(;r,  each  daughter 
cell  divides  again  into  four  rounded  masses  of 
lu’otoplasm,  lying  inside  the  cell  wall.  Each  of 
these  four  rounded  masses  develops  a cell  wall  of 
its  own,  and  becomes  a i^2^ore. 


xi.  The  Felicinese  — Pteris  Aquilina 


i.  Examine  the  external  characters  of  a plant  of  Pteris 
aquilina,  gathered  about  the  middle  of  summer.  The 
whole  plant  must  be  dug  out  from  the  ground,  care  being 
taken  not  to  injure  the  growing  part  of  the  rhizome. 

Observe  : — 

a.  The  rhizome  or  underground  stem,  a more  or  less  hori- 
zontally placed  axis,  which  bears  the  other  parts  of  the 
plant.  It  is  of  a dark  brown  colour,  except  along 
two  lines  opposite  to  each  other,  where  it  is  lighter 
(ivliite  lines).  The  surface  is  hard  and  smooth, 
except  near  the  apex,  where  there  are  numerous  dark 
brown  hairs.  It  has  a cylindrical  form. 

h.  The  slender,  hard,  dark  brown  roots,  springing  from 
the  rhizome  irregularly,  but  chiefly  from  its  lower 
surface. 

€.  The  leaves,  or  fro7ids,  which  spring  from  the  rhizome 
in  the  position  of  one  of  the  lateral  lines.  Not  far 
from  the  apex,  will  be  seen  the  position  of  origin  of 
the  fronds  of  the  present  year.  Some  distance  further 
back,  the  dried  remains  of  the  fronds  of  last  year ; 
perhaps  also  those  of  the  year  before  last. 


Closer  to  the  apex  than  the  leaves  of  the  present  year, 
is  seen  a small  bud,  consisting  of  the  very  young  fronds 
of  the  next  year.  This  is  usually  covered  by  brown, 
somewhat  scaly  hairs. 
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(1.  Each  frond  consists  of  : — 

1.  A long  stalk  or  petiole,  nearly  cylindrical,  of  a 
l)i'Own  colour  below,  green  above.  It  has  a few 
scale  hairs  upon  it. 

2.  The  lamina  of  the  leaf,  consisting  of  a central 
rachis,  a continuation  of  the  jietiole,  and  a large 
number  of  divisions  or  pmnoj,  borne  upon  the 
central  rachis.  Each  pinna  consists  of  a 
secondary  rachis,  bearing  a large  number  of  regu- 
larly arranged,  ultimate  subdivisions  ov  pinnules. 

3.  ISTote  the  incurved  margins  of  some  of  the  pin- 
nules, constituting  the  sorU 

4.  In  a young  frond,  note  the  rolled  up  extremity 
of  the  leaf — circinate  vernation — (characteristic  of 
Ferns). 

e.  The  nodes  and  iidernodes  of  the  stem,  each  having  the 
same  structure.  (Cf.  Chara.) 

/.  Dichotomous  branching  of  the  rhizome. 

(j.  GrowiiKj  point  of  the  rhizome.  It  does  not  have  the 
form  of  a “ terminal  bud,’’  but  is  quite  destitute  of 
any  covering  of  leaves.  It  consists  merely  of  the 
rounded  termination  of  the  rhizome,  covered  by  nume- 
rous dark  hairs. 

ii.  Cut  across  the  rhizome  of  Pteris,  and  examine  it  with 

the  naked  eye. 

Observe  ; — 

a.  The  broAvnish  coloured  layer  of  tissue  at  the  surface  of 
the  section,  consisting  of  the  epidermis  and  the 
hardened  hypodermal  tissue.  This  brown  surface  layer 
is  thinner,  or  even  interrupted  in  the  position  of  the 
white  lines. 

h.  The  general  Avhitish  tissue,  which  forms  the  greater 
part  of  the  section,  and  in  which  the  other  tissues  are 
imbedded.  This  is  the  general  parenchyma. 

c.  Lying  in  the  general  parenchyma,  an  incomplete  ring 
of  hard,  dark-brown  tissue.  One  or  two  isolated 
masses  of  the  same  kind  may  be  seen  in  addition  to 
the  ring,  either  inside  or  outside  it.  The  ring  is 
usually  interrupted  in  situations  opposite  to  the  Avliite 
lines  on  the  surface.  This  dark  tissue  is  the  scleren- 
chyma,  and  it,  together  Avith  the  ground  parenchyma, 
forms  the  fundamental  tissue. 
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d.  Tlie  Jihw-mt^cidar  hmid/rx,  consisting  of  masses  of 
yellowish  tissue,  not  so  hard  as  the  sclerenchyma,  lying 
scattered  in  the  ground  substance,  both  inside  and 
outside  the  sclerenchyma  ring.  The  bundles  are  not 
arranged  in  any  dehnite  or  characteristic  manner, 
though  usually,  there  can  be  distinguished  a ring  of 
bundles  outside  the  sclerenchyma,  and  another,  less 
complete,  inside  it.  They  vary  considerably  in  size, 
being  usually  larger  towards  the  centre  of  the  section. 


iii.  Cut  down  the  middle  of  a piece  of  the  rhizome,  taking  care 
that  your  section  passes  through  all  the  tissues  mentioned 
in  ii.,  and  make  out  the  same  layers  of  tissue. 


iv.  Boil  for  a few  minutes  in  Schultz’  macerating  fluid,  a piece 
of  the  rhizome  of  Pteris.  Wash  in  water,  and  then 
carefully  dissect  out  the  various  kinds  of  tissue  mentioned 
in  ii.  Having  isolated  the  various  bands  of  tissue,  take  a 
bit  of  each  on  separate  slides,  and  tease  up  in  glycerin. 
Examine  with  a low  and  also  a high  poAver. 

(Observe  : — 

a.  Cells  of  the  gimeral  parenclujma.  They  are  thin 
Availed,  have  intercellular  spaces,  and  are  of  a more  or 
less  polygonal  form,  being  only  slightly  greater  in  one 
<lirection  than  the  other.  On  their  Avails,  are  seen  a 
few  small,  almost  linear,  pits.  They  contain  proto- 
plasm (usually  found  shrunk  into  a little  mass  Avithin 
the  cell). 

h.  Cells  of  the  sclcrenclujriia  ring.  They  are  much  longer 
than  broad,  have  pointed  extremities,  so  as  to  overlap 
each  other.  Their  Avails  are  much  thickened,  and 
exhibit  very  distinct  stratification  and  pits. 

r.  Cells  of  the  epidermis.  These  are  flattened,  polygonal, 
elongated  someAvhat,  but  not  pointed  at  their  extremi- 
ties. Their  Avails  are  much  thickened,  and  tAvo  dis- 
tinct layers  can  be  seen,  in  addition  to  the  common 
cell  Avail  dissolved  by  the  macerating  fluid,  often 
exhibiting  stratification  and  striation. 

d.  Cells  of  the  hypodermis.  Xot  so  flattened  as  those  of 
the  epidermis.  They  are  more  or  less  elongated, 
someAvhat  prosenchymatous  in  form,  and  exhibit  tAvo 
layers  of  cell  AA^all,  stratification  and  pits. 
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e.  Cells  from  the  fhro-vascular  hnndks.  Those  chiefly 
seen,  are  the  scalariform  and  spiral  vessels.  In  the 
scalariform  vessels,  the  extent  of  the  cells  composing 
the  vessels  can  he  made  out,  by  oTjserving  the  oblique 
interruptions  in  the  rows  of  ladder-like  thickenings. 
These  interruptions  correspond  to  the  oblique  septa  of 
the  original  cells. 

The  spiral  thickening  can  be  well  traced  in  the 
spiral  vessels. 

V.  Cut  thin  transverse  sections  of  the  rhizome.  Your 
sections  need  only  include  a small  part  of  the  thickness  of 
the  rhizome,  and  several  sections  should  be  mounted. 
Some  will  show  one  point,  others  another. 

Observe  : — 

a.  Epidermal  cells. 

b.  Brown,  thick-walled  hypodermis. 

('.  Thin-walled  r/ro7md-f issue.  Cells  contain  protoplasm 
and  numerous  starch  grains. 

d.  Sdercncliyma.  Polygonal  cells  with  sharp  angles, 
thick  cell  walls,  pits,  common  cell  wall,  and  thickened 
part.  {See  page  20.) 

e.  Fihrn-vascidar  bundles.  ‘Examine  these  according  to 
the  directions  given  at  page  27,  ii.,  iii.,  iv. 

vi.  Cut  thin  longitudinal  sections  of  the  rhizome.  Mount 
in  glycerin.  Study  with  a high  power. 

Observe  : — 

The  same  structures  as  seen  under  v.  Follow  the 
description  of  the  fibro-vascular  bundles  given  at 
page  28,  v. 

vii.  Study  the  sieve  tubes  and  their  sieve  plates,  with 
a high  power,  staining  the  sections,  some  in  Schultz’  solu- 
tion, others  in  fuchsine  or  methylene  blue. 

viii.  Cut  thin  longitudinal  sections  of  the  punctum  vege- 
tationis.  Mount  in  glycerin,  and  study  according  to  the 
description  given  at  page  40,  ii. 

ix.  Cut  a series  of  transverse  sections  from  the  apical  region, 
and  mount  some  from  the  younger,  and  others  from  the 
older  parts. 
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Observe  : — 

a.  In  sections  from  the  older  parts,  all  the  characteristic 
tissues  are  seen. 

% 

h.  These  become  less  and  less  distinct  in  sections  taken 
progressively  nearer  the  growing  point. 

c.  In  sections  from  tlie  youngest  parts,  the  whole  section 
is  made  up  of  similar  thin-walled  cells  (mnristevi). 

N.B. — The  apical  cell  is  a tiianiiular  pi/ramid,  with  its 
a]iex  downwards,  and  divides  in  such  a way  that  segments 
are  cut  off  from  it,  in  regular  order,  by  partition  walls 
]>arallel  to  its  three  faces  in  turn.  The  characters  of  the 
apical  cell  may  be  made  out  better,  by  means  of  sections 
(longitudinal  and  transverse)  of  the  growing  point  of  the 
Male  Fern. 

X.  Cut  thin  transverse  and  longitudinal  sections  of  the 

petiole  of  a leaf. 

Observe  : — 

Essentiallv  the  same  structure  as  in  the  rhizome. 

c 

xi.  Cut  thin  transverse  sections  of  the  leaf  of  Scolopen- 
drium  vulgar e (Hart’s  Tongue),  which,  for  the  examina- 
tion of  the  structure  of  the  leaf,  is  preferable  to  Pteris. 
Take  care  that  your  sections  pass  through  the  midrib,  as 
well  as  the  adjacent  thin  part  of  the  leaf.  It  is  better,  if 
they  have  been  previously  hardened  in  alcohol. 

Observe  : — 

a.  In  the  thin  part  of  the  leaf : — 

1.  Upper  layer  of  epidermw,  flattened  cells,  covered 
externally  by  a ciiticte.  The  cells  contain  chloro- 
phyll. There  are  no  domata. 

2.  Lower  layer  of  epidermis,  having  the  same 
general  appearance  as  the  upper ; but  stomata 
with  guard  cells  are  present. 

3.  The  general  fundamental  tissue  between  the  two 
layers  of  epidermis,  and  known  as  the  inesophyll. 
It  consists  of  thin-walled  cells,  irregularly  and 
loosely  arranged,  so  as  to  have  large  intercellular 
spaces.  The  cells  are  rounded  or  polygonal,  and 
contain  chlorophyll  corpuscles. 

4.  Fihro-vasctdar  bundles,  cut  across  obliquely  here 
and  there.  They  lie  in  the  mesophyl]. 
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h.  In  the  midrih, 

1.  Tivo  layers  of  epidermis. 

2.  General  fundamental  tissue,  closer,  and  not  so 
spongy  as  the  mesophyll  in  the  thin  part  of  tlie 
leaf.  Intercellular  spaces  smaller. 

3.  FihnHxiscular  hundle^  single  in  the  middle  of  the 
midrib.  It  is  of  a roughly  triangular  form  with 
rounded  angles,  and  apex  directed  towards  the 
under  surface  of  the  leaf.  There  are  bundle  and 
bast  sheaths.  The  xylem  takes  the  form  of  two 
crescentic  masses,  in  the  centre  of  the  bundle, 
united  together  by  their  convexities,  the  greater 
mass  of  xylem  being  towards  the  upper  part  of 
the  bundle.  The  phloem  forms  a lighter  and 
thinner  walled  mass  of  cells,  surrounding  the 
xylem,  and  lying  between  it  and  the  bundle 
sheath. 

Note. — This  tendency  to  the  collateral  type  of 
bundle. 

4.  Two  small  isolated  masses  of  brown  sclerenchyrna 
lie,  laterally,  immediately  outside  the  bundle. 


xii.  Strip  off  pieces  of  the  epidermis  from  the  upper  and 
lower  surfaces  of  the  leaf  of  Scolopendrium.  Mount 
in  glycerin.  Examine  with  a high  power. 

Observe  : — 

a.  Sinuous  outlines  of  the  e^ndermal  cells. 

h.  Chlorophyll  corpuscles  in  these  cells. 

c.  Stomata  and  guard  cells,  the  latter  containing  chloro- 
phyll, in  the  epidermis  from  the  lower  surface,  not  in 
that  from  the  upper  surface. 

xiii.  Cut  thin  transverse  sections  of  a root  of  Pteris,  imbedding 
it,  if  necessary.  Treat  with  potash,  and  mount  in  glycerin. 

Observe : — 

a.  General  brown  fundamental  tissue,  not  much  thickened, 
except  internally,  where  it  forms  a thick  dark  brown 
layer  of  sclerenchyrna,  surrounding  the  central  fibro- 
vascular  cylinder. 

h.  Bundle  sheath,  inside  tliis  mass  of  sclerenchyrna. 
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The  Diarch  radial  fihro-vascular  cylinder,  consisting 

of  ; — 

1.  Two  diametrically  opposite  xylem  ma.'^ses,  the 
oldest  part  of  which  is  external.  They  consist 
of,  only  a few  vessels. 

2.  Two  masf^es,  alternating  with  these. 

(These  are  not  at  all  conspicuous.) 

3.  Phloem  sheatli  of  thin-walled  cells,  outside  tlie 
phloem  and  xyleni  masses,  and  inside  the  bundle 
sheath. 

N.B. — The  growing  point  of  the  root  has  a single 
apical  cell  of  the  same  form  as  that  of  the  rhizome,  and 
])laced  with  its  apex  towards  the  tissue  of  the  root.  But  it 
differs  from  that  of  the  rhizome,  in  being  covered  by  a 
cahjptra,  which  is  produced  by  the  division  of  segments  of 
the  apical  cell,  cut  off  by  division  planes  parallel  to  its  haxe. 
Every  fourth  division  plane  is  formed  in  this  situation,  h 
This  can  be  made  out,  by  cutting  longitudinal  median 
sections  of  the  apex  of  a young  root,  which  has  been 
hardened  in  alcohol.  Imbedding  is  recpiired,  and  con- 
siderable skill  is  necessary. 


xii.  Felicineae  — The  Reproductive 
Organs  of  the  Sporophore 
Generation. 

i.  Examine  with  the  naked  eye  or  with  a pocket  lens,  the 
under  surface  of  a fertile  frond  of  Nephrodium  felix- 
mas  (male  fern). 

Observe  : — 

a.  The  “ veins  ” on  the  pinnule  of  the  leaf. 

h.  The  elevated  kidney-shaped  bodies,  lying  in  the  course 
of  the  branches  of  the  main  vein  of  the  pinnules. 
These  are  the  sori^  covered  by  their  ind/asia. 

ii.  Dissect  in  glycerin,  by  Jiieans  of  needles  and  a simple 
microscope,  one  of  the  SOri. 
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Make  out : — 

a.  The  kiduey-shaped  indusium,  a thin  memhranoii!^ 
structure,  attached  hy  a sort  of  short  stalk,  springing 
from  near  its  centre,  to  the  leaf  beneath.  It  covers 
over  and  protects  the  sorus. 

h.  The  soras,  consisting  of  a globular  mass  of  small  bodies 
grouped  together  {Sp(f7mu/ia), 

iii.  Kemove  a SOrus,  from  which  the  indusium  has  been 

dissected,  and  examine  in  glycerin  with  a 1-inch  objective. 

Observe  ; — 

The  Sporamjia^  forming  the  sorus.  Each  consists  of 
a dark  brown  globular  or  elliptical  structure,  attached 
by  a stalk  to  the  leaf. 

iv.  lSh)te  carefully  the  structure  of  a Sporangium. 

Observe : — 

a.  The  stall:  consisting,  usually,  of  three  rows  of  cells. 

h.  The  body  of  the  sporangium,  consisting  of  a capsule  or 
sac,  somewhat  compressed,  so  as  to  have  the  form  of  a 
bi-con  vex  lens. 

€.  The  body  of  the  sporangium  has  a definite  wall,  consist- 
ing of  a single  layer  of  flattened  cells,  except  at  the 
margin.  (This  can  be  Avell  seen  in  one,  the  sac  of 
which  has  burst.) 

d.  The  anmdus.  A ring  of  cells  at  the  margin  of  the 
sporange.  The  cells  composing  it,  have  thick  dni’k 
brown  cell  Avails. 

c.  In  a sporangium  Avhich  has  burst,  note  the  transverse 
rupture  in  the  thin  part  of  the  Avail,  and  the  straightened 
out  annulus.  (It  is  the  straightening  of  the  annulus, 
that  causes  the  bursting  of  the  sporange,  Avhen  ripe.) 

/.  The  annulus  is  incomplete  at  the  base  of  the  body  of 
the  sporange,  i.e.,  does  not  extend  completely  round  at 
the  base. 

A".  Cut  sections  through  the  SOri,  and  examine  Avith  a Ioav 
poAver. 

Observe  : — 

a.  The  attachment  of  the  indusium  to  a ATin  of  the  leaf,, 
and  its  spreading  out  over  the  sporangia. 
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h.  The  attaelinient  of  the  stalks  of  the  sporangia  to  tlie- 
vein  of  tlie  leaf,  in  the  angle  between  the  stalk  of  the 
indusiuni  ami  the  leaf. 

vi.  Examine,  with  a pocket  lens  or  simple  microscope,  in  a drop 

of  glycerin,  the  inferior  surface  of  a leatiet  of  Ptsris. 

Observe  : — 

The  elongated  linear  .s*or?6s,  extending  along  the  mar- 
gins of  the  leaf,  and  covered  by  an  imlumim  formed 
by  the  inflected  edge  of  the  leaflet. 

vii.  I'lxamine  in  the  same  way,  the  under  surface  of  the  leaf  of 

Polypodium  vulgare. 

Observe : — 

The  globular  sori,  attached  in  the  course  of  a small 
“ vein,”  and  note,  the  entire  absence  of  indusium. 

viii.  Examine  in  the  same  way,  the  under  surface  of  the  leaf  of 

Scolopendrium  vulgare. 

Observe  : — 

a.  In  a young  leaf,  the  Avhite  linear  structures  in  the 
course  of  a “vein.”  These  correspond  to  the  young' 
sori,  covered  by  the  young  indusiuni. 

h.  In  an  older  one,  the  very  distinct  raised  linear  sori,  of 
brown  colour,  with  the  membranous  indiisia,  bounding' 
them  laterally  as  raised  membranes. 

ix.  Cut  thin  sections  through  a sorus  of  the  Scolopendrium,. 

and  examine  ivith  a high  power. 

Observe  : — 

a.  The  same  characters  of  the  sporangia  as  seen  in  the 
Male  Fern. 

h.  The  siwres — broivn,  unicellular,  ivith  a thick  wall, 
roughly  triangular,  and  having  numerous  external 
bands  and  knobs  of  thickening.  They  contain  proto- 
plasm. 

X.  Examine  the  spores  of  any  other  Fern. 

Xote : — 

a.  The  same  characters  as  in  Scolopendrium. 

b.  All  the  spores  in  each  species  are  alike  [Isosporous), 
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xiii.  Felicinese— Oophore  Generation. 

The  oophore  individiial,  in  the  case  of  tlie  Fern,  is  distinct 
from  the  sporophore,  except  during  the  early  life  of  the 
sporophore  produced  from  the  oospore  of  the  oopiiore  indi- 
vidual. Of  the  two  generations  or  stages  in  the  life  history, 
the  sporophore  is  hy  far  the  more  conspicuous,  whilst  the 
oophore  partakes  only  of  the  character  of  a small  thallus, 
and  has  no  distinction  into  stem,  root  and  leaf.  To  obtain 
specimens  of  the  oophore,  which  usually  receives  the  name 
of  Prothallus,  the  spores  of  a Fern,  not  necessarily  Pteris, 
should  be  taken,  when  ripe  and  dry,  and  sown  in  moist,  rich 
earth  in  a shallow  vessel,  and  covered  over  with  a bell-glass. 
They  must  be  kept  moist  and  warm,  for  about  a month  or 
more,  by  which  time,  the  surface  of  the  earth  is  found  to 
be  covered  with  small  green  bodies. 

i.  Take  a prothallus  and  examine  it  in  water,  with  its 
lower  surface  uppermost,  either  with  a pocket  lens  or  with 
a low  power. 

Observe  : — 

a,  A green,  flattened  expansion,  of  varying  size,  having  a 
rounded  margin  with  a depression  at  one  place,  so  as 
to  give  it  a reniform  outline.  The  growing  point  is  at 
the  depression. 

‘ 1).  At  the  extremity  opposite  to  the  depression,  are  nume- 
rous brown  root-hairs  or  rhizoids.  These  also  are  seen 
springing  from  the  lower  surface. 

c.  It  is  composed  of  a single  layer  of  thin-Avalled  chloro- 
phyll-containing cells,  except  at  one  part,  near  to  the 
growing  apex,  Avhere  the  substance  of  the  prothallus  is 
several  la^^ers  of  cells  in  thickness.  This  is  the 
cushion. 

d.  Note  the  absence  of  any  deflnite  apical  cell. 

e.  The  reproductive  organs.  These  take  the  form  of : — 

1.  Hemispherical  outgrowths  from  the  loAver  surface 
of  the  prothallus,  particularly  seen  toAvards  the 
posterior  part  of  the  prothallus,  amongst  the  root- 
hairs.  Tliese  are  Antkeridia^  or  male  organs. 
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2.  Flask-sliapcd  structures,  found  on  tlie  under  sur- 
face of  tlie  cusliion,  nearer  to  the  apex  than  the 
Antheridia.  Only  tlie  long  cylindrical  necl'f<  of 
these  flask-like  bodies  are  seen  above  the  surface, 
the  larger  swollen  part  being  imbedded  in  the 
substance  of  the  cushion.  They  are  the  Arcltc- 
(innia,  or  female  organs. 

Note,  therefore,  that  each  prothallus  is  herina- 
plirodite. 


ii.  Examine  the  reproductive  organs  carefully,  with  a 
low  power. 

(Observe : — 
a.  In  the  Anfhevidia. 

1.  Hemispherical  form. 

2.  Wall,  consisting  of  a single  layer  of  flattened  cells. 

3.  Through  the  wall,  are  to  be  seen  the  contents,  con- 
sisting of  a few  small  round  colourless  cells — 
mother  cells  of  anther o?:ooids. 

% 

h.  In  the  Ar<‘he(jonici. 

1.  The  mail  of  the  neck,  consisting  of  four  rows  of 
cells,  seen  clearly  if  the  organ  happen  to  be 
vertical. 

2.  These  surround  a very  few  canal  cells  (one  or  two). 

3 . The  vent  red  portion,  swollen  and  globular,  imbedded 
in  the  tissue  of  the  cushion,  and  indistinctly  seen 
on  focusing  down. 


iii.  Take  some  prothallia,  which  have  been  hardened  in 
alcohol.  Hold  between  two  layers  of  elder  pith,  or  imbed 
in  wax.  Cut  a series  of  transverse  sections,  and  examine 
all  of  them.  Sections  near  the  summit  will  show  the 
archegonia,  those  near  the  base  the  antheridia.  Having 
found  sections  showing  the  structures  required,  examine 
carefully  with  a high  power  in  glycerin. 

Observe  : — 
a.  Archeejonia. 

1.  Wall  of  neck,  four  rows  of  cells. 

2.  Canal  cells^  two  in  number.  These  will  not  bo 
seen  in  old  specimens,  as  they  then  become  trans- 
formed into  mucilage,  and  so  open  up  the  neclc- 
caned. 
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3.  The  large  central  vos2')here,  of  a spherical  form, 
lying  in  the  tissue  of  the  cushion,  beneath  the 
canal  cells. 

4.  The  fitiS'm  of  tho  r:mhion^  surrounding  this  cell, 
which  has  no  definite  wall  like  that  of  the  neck. 

h.  Anti  Lev  id  la. 

1.  Outer  wcdl,  thin,  one  layer  of  cells  thick.  Cells 
are  flattened,  and  have  a few  chlorophyll  grains 
in  them. 

2.  Contents.  These  vary  according  to  the  age  of  the 
antheridium,  usually  a few  small  round  mother 
cells.  In  younger  ones,  only  a central  mass  of 
protoplasm  ; in  older  cases,  the  coiled  up  anthero- 
zooids  may  be  seen  in  the  mother  cells. 

iv.  If  some  fresh  ripe  prothallia  are  taken,  in  which  the 
antheridia  have  burst,  you  may  find  swimming  in  the  Avater 
some  AntherOZOOids.  Examine  Avith  a high  poAver. 

* 

Observe  : — 

They  consist  of  small,  spirally  coiled  bodies  Avith  a 
thickened  head.,  tapering  into  a hodtj  (coiled)  and 
terminated  by  tAvo  cilia,  AAdiich  can  be  seen  if  their 
action  is  sluggish.  Sometimes,  a globular  mass  is  found 
attached  to  the  head  of  the  antherozooids.  This  is 
some  of  the  protoplasm  of  the  mother  cell,  not  used  in 
the  development  of  the  antherozooid. 

V.  Examine  some  old  prothallia  in  Avhich  the  oosphere 
has  been  fertilized,  and  a young  sporopliore  has  begun  to  be 
produced. 

Observe  : — 

a.  1l\\q  primarn  root  of  the  young  sporopliore. 

1.  The  single  elongated  leaf,  at  the  base  of  Avhich 

lies  : — 

c.  The  young  p’imary  stem. 

d.  The  young  sporopliore  is  attached  to  the  protliallus 
by  a lateral  expansion  called  the  foot. 


PAB.T  III. 


PHANEROGAMIA-GYMNOSPERMIA. 


Pinus  Sylvestris— External  Charac- 
ters—The  Stem. 


i.  Examine  a branch  of  the  Pinus  Sylvestris.  Begin  by 
observing  the  younger  parts  at  its  summit,  and  work  down- 
wards. 

Observe  : — 

a.  The  terminal  hud,  of  brown  colour,  owing  to  the  dark 
firale  leaves  which  cover  it.  Around  it,  are  three  or 
four  lateral  buds. 

h.  The  stem  of  the  present  }^ear’s  growth,  consisting  of  an 
axis,  which  is  softer  and  more  flexible  than  the  older 
part  of  the  stem.  On  it,  note  : — 

c.  The  scale  leaves,  or  rather  the  remains  of  the  scale- 
leaves  (belonging  to  the  bud  produced  at  the  eiid  of 
the  'previous  year’s  growth).  They  are  brown  in  colour. 

d.  Throughout  the  extent  of  the  present  year’s  stem, 
note  the  verij  short  branches,  in  the  axils  of  the 
remains  of  the  scale  leaves.  Each  of  these  short 
axes  or  stems  bears  two  long  thick  green  acicular 
foliage  leaves.  They  are  sessile,  and  at  their  bases  are 
found  numerous  brown  membranous  scale  leaves. 
These  short  axes  are  of  very  limited  growth. 

e.  Near  the  apex,  the  lateral  buds  lie  in  the  axils  of 
other  brown  scale  leaves.  They  occupy  similar 
positions  near  the  summit,  as  the  short  leaf-bearing 
axes,  lower  down.  Their  growth  is  not  limited ; 
they  are  the  rudiments  of  the  future  year’s  growth. 

f.  The  foliage  leaves.  Compare  them  with  the  scale 
leaves  on  the  buds  and  on  the  main  axis. 
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(j.  Tlie  reproductive  or<janr.  Of  these,  there  are  twa 
kinds,  “ male  ” and  “ female,”  on  the  same  plant 
(monoecious). 

1.  The  “male”  organs,  in  an  early  stage  of  develop- 
ment, appear  as  inflorescences^  in  the  same  position 
on  some  branches  as  the  terminal  bud.  They  have 
the  same  appearance  as  the  ordinary  terminal  bud. 

2.  The  “ female”  organs  appear  as  small,  green  or 
brownish  cones,  close  to  the  terminal  bud  or  “male” 
inflorescence.  Each  such  cone  is  a flower  (not  an 
inflorescence,  cf.  “male”  organ),  and  consists  of  a 
stalk,  bearing  brown  scale  leaves,  and  an  upper 
globular  part,  marked  into  numerous  quadrilateral 
areas,  each  corresponding  to  a carpellary  scale. 

h.  Each  axis  of  the  present  year’s  growth,  traced  down- 
wards, joins  the  axis  of  previous  year’s  growth  at 
about  the  same  spot  as  the  other  axes  of  the  present 
year’s  growth,  forming  pseudoicihorls. 

i.  The  increment  of  growth  of  last  year  presents  the  same 
arrangement  with  respect  to  the  growth  of  the  year 
next  before  it,  as  the  growth  of  the  present  year  does 
(i.e.,  arrangement  in  pseudowhorls). 

/,•.  As  you  pass  lower  and  lower  down  the  branch,  the 
stem  becomes  larger,  harder,  and  more  lignifled.  The 
short  foliage  axes  fall  off  with  their  acicular  leaves,  and 
scars  mark  their  position. 

/.  The  large  green  cones  at  the  summit  (one  or 

two  together)  of  the  growth  of  the  year  next  before 
the  present. 

???.  The  large  brown  Uffnifled,  “female”  cones,  borne  in  a 
similar  position  on  the  older  parts  of  the  stem. 


ii.  Cut  a terminal  bud  longitudinally  down  its  centre.  In 
the  section. 

Observe  : — 

a.  The  axis  or  young  stem,  bearing  ; — 
h.  Scale  leaves,  in  whose  axils  are  : — 
c.  Minute  huds. 

iii.  Cut  a transverse  section  of  a very  young  stem,  such  as 
til  at  in  the  centre  of  a terminal  bud.  Examine  in  glycerin 
with  a low  power. 


89 


a.  The  epidermis. 

h.  H\\Q  jibro-vascidar  bundles,  forming  a ring.  In  each, 
note : — 

1.  The  prwiari/  2)hlo(hn,  towards  the  iieriphery. 

2.  The  p)rimarij  xylein,  near  the  centre. 

N.D. — To  make  these  more  clear,  stain  in  Schultz’ 
solution. 

3.  The  cambium,  between  2 and  3. 

c.  The  fumlamental  tissue,  consisting  of  : — 

1.  The  pith  or  medidla,  within  the  ring  of  fibro- 
. vascular  bundles. 

2.  The  cortex,  outside  the  fibro- vascular  bundles. 

3.  The  primary  medidlary  rays,  lying  between  the 
bundles,  and  connecting  together  1 and  2. 


iv.  Cut  thin  transverse  sections  of  a stem  of  the  present 
year’s  growth.  Mount  in  glycerin,  and  examine  with  a 
low  power. 

Observe  : — 

a.  The  epidermis,  the  cells  of  which,  have  a definite  outer 
cuticle. 

b.  The  cortex,  consisting  of  : — 

1.  Parenchyma,  made  up  of  large  cells  containing 
chlorophyll. 

2.  Resin  j)0,ssayes  in  it. 

3.  Cork  tissue  and  a cork  cambium  beneath  it,  near 
the  periphery. 

4.  Sclerencliyma,  lying  in  isolated  masses  beneath 
the  epidermis. 

The  Jibro-vasmlar  system,  forming  a complete  ring  due 
to  the  completion  of  the  cambium  ring  by  the  develop- 
ment of  interfascicular  cambium  in  the  primary  medul- 
lary rays,  and  the  subsequent  production  from  it,  of 
secondary  xylem  and  phloem,  and  consisting  of  (in 
order  from  without  inwards)  : — ■ 

1.  Pldoihn.  The  primary  and  secondary  phloem  are 
indistinguishable  from  each  other. 
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2.  The  cmnhium-ring  (Cf.  the  young  stem) 

3.  Secondary  xyhon,  forming  the  greater  part  of  the 
radial  extent  of  the  section,  consisting  of  numerous 
small  rectangular  areas  (sections  of  the  tracheides) 
marked  off  by  the  walls  of  the  tracheides.  The 
secondary  xylem  has  a general  radiating  appear- 
ance, due  to  the  regular  radial  arrangement  of  the 
elements  composing  it. 

4.  The  primary  xylem,  consisting  of  convexities  pro- 
jecting from  the  inner  .edge  of  the  secondary 
xylem  into  the  central  tissue.  The  primary 
xylem  masses  are  often  spoken  of  as  the  medidlary 
sheaf] i ; and  the  oldest  part  (the  most  internal) 
of  the  primary  xylem  is  called  the  protoxylem. 

d.  The  medulla,  consisting  of  parenchymatous  cells, 
occupying  the  centre  of  the  section.  Similar  cells  are 
to  be  traced  as  wedge-like  masses  between  the  project- 
ing primary  xylem  masses.  These  mark  the  position 
of  the  original  primary  medullary  rays. 

V.  Stain  a similar  section  with  Schultz’  solution. 

Observe  : — 

a.  The  yellow  colour  of  the  cuticle. 

h.  Blue  colour  of  the  cell  walls  of  the  cortical  funda- 
mental tissue. 

c.  Yellow  colour  of  the  corh  tissue. 

d.  Blue  colour  of  the  phloem. 

e.  Yellow-brown  colour  of  the  xylem. 

f.  Blue  colour  of  the  medulla. 


ii.  Pinus  Sylvestris— The  Stem  (Continued). 

i.  Examine  a very  thin  transverse  section  of  a present 
year’s  stem  with  a high  power. 

Observe  : — 

In  the  xylem. 

a.  The  tracheides,  appearing  in  transverse  section,  as  more 
or  less  quadrilateral  cells  arranged  in  radial  rows.  , 
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Note : — 

1.  Tlie  cell  icalls,  consisting  of  a common  cell  wall  or 
middle  lamella,  and  the  thickened  portion  special 
to  each  cell,  distinguishahle  again  into  two  layers. 

2.  The  bordered.  appearing  as  lenticular-shaped 
spaces  in  the  thickened  cell  wall.  In  some  of  them, 
note  the  narrow  opening  of  the  pit  cavity  into  the 
interior  of  the  tracheide.  Unless  your  section 
happen  to  have  passed  through  this  opening,  the 
bordered  pit  merely  appears  as  a closed  lenticular 
space  in  the  cell  wall.  They  are  seen  chiefly  in 
the  radial  walls,  and  each  pit-cavity  is  traversed 
by  the  common  cell-wall,  usually  deflected  to  one 
side,  so  that  the  pits  are,  as  a rule,  not  perforated. 

3.  Absence  of  protoplasm.  The  elements  of  the 
secondary  xylein  are  above  called  trache'ides,  but 
this  term  should  strictly  be  reserved  for  those 
prosenchymatous  cells,  which,  not  being  true 
vessels,  are  yet  in  communication  by  2^6rforations 
in  their  side  walls. 

b.  The  secondary  medidlary  rays,  consisting  of  single 
rows  of  cells,  elongated  in  a radial  direction,  lying 
amongst  the  radial  rows  of  tracheides.  They  do  not 
extend  throughout  the  whole  radial  extent  of  the 
wood. 

Note  : — 

1.  Thin  cell  loalls,  consisting  only  of  the  middle 
lamella. 

2.  Absence  of  thickening  of  the  adjacent  radial  wall 
of  the  tracheides. 

3.  Presence  of  protoplasm. 

c.  Resin  ducts,  consisting  of  round  sj)aces  surrounded  by 
a layer  of  small,  thin-walled  parenchymatous  cells  of  a 
dark  colour. 

In  the  cambium. 

a.  Thin- walled  quadrilateral  cells,  somewhat  elongated 
tangentially,  arranged  in  radial  rows.  They  contain 
protoplasm  and  nucleus.  These  are  meristematic  cells, 
which  divide  tangentially  and  produce  xylem  and 
phloem. 

h.  The  radial  rows  of  cambium  cells  can  be  traced  into 
continuity  with  the  rows  of  traclieides. 


92 


In  tlie  phloem. 

a.  Tlie  medullary  rays,  dividing  the  phloem  into  rect 
angular  areas. 

b.  Phloem  vessels  or  sieve  tubes,  arranged  in  radial  rows. 

c.  Phloem  2>arenchyma,  forming  a few  large  cells  amongst 
the  vessels. 

d.  Continuity  of  the  radial  rows  with  the  radial  rows  of 
cambium  cells. 

e.  The  elements  of  the  phloem  are  radially  compressed 
and  otherwise  distorted. 

In  the  cortex. 

a.  The  cork  tissue  or  periderm. 

b.  The  cork-cambium  or  phellogen  (see  General  Morpho- 
logy, page  39. 

ii.  Cut  thin  transverse  sections  of  a four-year-old  stem  of 

Pinus.  Examine  with  a low  power. 

Observe  : — 

a.  The  medulla. 

b.  The  xylem,  occuiDying  the  greater  part  of  the  radial 
extent  of  the  section.  Note  that  it  is  made  up  of 
four  broad  bands  of  tissue,  marked  off  from  each  other 
by  sharp  lines,  formed  by  the  difference  in  the  size  of 
the  tracheides  of  the  autumn  and  sjDring  wood,  and  in 
the  thickness  of  their  walls.  These  are  the  annual 
rings.  Each  corresponds  to  a year’s  growth. 

c.  The  cambium. 

d.  The  ijhloem,  which  is  thicker  than  in  a one-year-old 
stem,  but  does  not  present  any  annual  rings.  The 
tissues  composing  it  are  much  compressed  and  dis- 
torted. It  is  much  darker  than  the  xylem. 

e.  Cortical  fum lamented  tissue  and  cork.  In  a stem  of 
this  age,  the  tissues  outside  the  xylem  are  often  spoken 
of  as  “ cortex.’^ 

iii.  Cut  thin  longitudinal  radial  sections  of  a stem  of  Pinus 

(two  or  three  years  old).  Examine  with  a high  power 

Observe  ; — 

a.  The  parenchymatous  medulla. 

b.  The  primary  xylem,  consisting  of  elongated  elements, 
having  spiral,  annular,  reticulated  or  irregular  thicken- 
ings in  their  walls.  Scattered  amongst  these,  are  some 
elements  having  spiral  thickenings  mixed  with  bor- 
dered pits.  Some  of  them  are  true  tracheides. 
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c.  Sf'conrlarii  xylcm,  con^istinir  of  tracheides,  prosencliy- 

matoiis  in  form,  with  thickened  walls,  and  i)resenting 
bordrrcd  The  bordered  pits  appear  as  two  con- 

centric rings,  and  arc  seen  on  surface  \dew  of  the 
radial  walls  of  the  tracheides.  Compare  their  appear- 
ances in  longitudinal  sections  with  transverse  sections 
and  obtain  a clear  knowledge  of  their  structure. 

d.  Sf^rondary  wedidlanj  raij^,  consisting  of  small  cells 
with  granular  dark  contents,  lying  in  radial  rows 
across  the  tracheides.  They  extend  much  further 
radially  than  they  do  in  height.  AVhere  the  medullary 
rays  lie,  the  pits  in  the  radial  walls  of  the  tracheides 
are  very  large  and  wide. 

e.  The  annual  rings. 

f.  A resin  2^assage  may  ha^'e  been  included  in  the  section, 
and  is  seen  lying  in  the  xyleni  amongst  the  tracheides. 

g.  The  cambium  layer,  consisting  of  thin-walled  cells 
elongated  longitudinally  and  compressed  radially. 
They  lie  in  radial  rows,  and  the  radial  rows  of  cells 
of  the  secondary  medullary  rays  may  be  traced  into 
continuity  with  them. 

h.  The  pldijem,  consisting  of  vessels  {sieve  tubes)  inter- 
mixed with  parenchymatous  cells.  The  sieve  plates 
in  the  sieve  tubes  of  Pinus  are  not  easy  to  demon- 
strate. (See  Helianthus  and  Sainhucus.)  Medullary 
rays,  similar  to  those  of  the  xylem,  are  seen  in  the 
phloem.  The  secondary  and  primary  phloem  cannot 
easily  be  distinguished. 

i.  Cortical  tissue  and  epidermis. 

% 

iv.  Cut  thin  longitudinal  fangenticd  sections  of  stem  of  PinuS. 

Mount  in  glycerin  and  examine  with  a high  power. 

Id 

Observe  : — 

a.  The  section  does  not  include  meclidla. 

b.  The  xylem  (only  secondary  xylem  is  seen).  It  consists 
of  prosenchymatous  cells,  presenting  iDordered  pits. 
These,  however,  have  a different  appearance  to  that 
seen  in  longitudinal  radial  sections.  Instead  of  two 
concentric  rings,  they  now  have  the  appearance  of 
lenticular  spaces  in  the  radial  walls  of  the  tracheides 
and  are  traversed  by  the  common  cell  wall.  They 
thus  have  similar  appearances  to  those  seen  in  transverse 
sections. 
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€.  The  miondanj  medullanj  rays.  In  tangential  sections, 
these  appear  as  rows  of  cells  of  small  height  in  the 
stem,  ami  one  layer  of  cells  in  thickness.  Sometimes, 
a medullary  ray  consists  only  of  one  cell,  at  other 
times,  of  two  or  three  or  more.  Each  such  row 
of  cells  lies  amongst  the  trache'ides,  and  has  the 
appearance  of  a hi-convex  lens,  being  broader  in  the 
middle  of  the  row  than  at  the  extremities. 

d.  The  camhium,  composed  of  thin-walled  cells  with 
protoplasm  and  nucleus. 

e.  The  made  up  chiefly  of  thin-walled  tissue, 

sieve  tubes  and  parenchymatous  cells.  Secondary 
medullary  rays  are  also  seen,  having  the  same  structure 
as  those  of  the  xylem. 

/ A resin  passaye  may  have  been  cut  in  longitudinal 
section  in  the  xylem. 

y.  The  cortical  f undamental  tissue  and  epidermis. 


iii.  Pinus  Sylvestris— The  Leaf. 

i.  Examine  with  the  naked  eye,  one  of  the  short  foliage  shoots 

of  Pinus. 

Observe  : — 

a.  The  very  short  stem,  attached  to  the  main  axis  of  the 
plant,  and  terminated  by  : — 

h.  Two  lony  cyreen  foliaye  leaves,  the  bases  of  which  are 
surrounded  by  a sort  of  sheath  of  brown  dry  scales. 

c.  The  form  of  the  foliage  leaves — acicular,  tough,  ribbed 
longitudinally,  hemispherical  in  section  on  their  outer 
surfaces,  flat  on  the  inner  ones.  The  two  flat  surfaces 
of  the  two  leaves  applied  together. 

ii.  Cut  thin  transverse  sections  of  a leaf,  and  having  mounted 

in  glycerin,  examine  with  a low  j^ower. 

Observe  : — 

a.  Hemispherical  form  of  the  section,  the  flat  surface 
being  regarded  as  the  upper  side. 

b.  Epridermis,  a single  layer  of  cells  at  the  surface. 
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c.  HnjiCKJermis,  a stratum  of  cells,  two  or  three  layers  in 
thickness,  lying  just  beneath  the  epidermis,  and  having 
a bright  appearance,  and  thick  cell  walls.  It  is 
interrupted  at  ijitervals. 

d.  The  broad  band  of  riK^sopliyll,  consisting  of  several 
layers  of  chlorophyll-containing  cells,  forming  the 
general  parenchyma  of  the  leaf. 

e.  The  internal  mass  of  fundamental  tissue,  consisting  of 
cells  not  containing  chlorophyll,  and  having  a bright 
appearance. 

/.  The  jihro-vasmlar  himdles,  lying  in  the  middle  of 
this  central  mass  of  colourless  tissue. 

g.  Besiti  duds,  lying  in  the  peripheral  parts  of  the 
mesophyll. 

iii.  Examine  your  thinnest  section  with  a high  power. 

Observe : — 

a.  The  epidermal  cells  have  a very  thick  and  distinct 
outer  cuticle,  in  which  two  layers  can  easily  be  dis- 
tinguished, and  which  exhibits  stratification. 

h.  The  stomata,  openings  leading  deeply  into  the  tissue 
below  the  surface,  and  each  surrounded  by  two  thick- 
walled  guard  cells,  placed  considerably  below  the 
surface. 

c.  The  large  intercell idar  spaces,  into  which  the  stomata 
open. 

d.  The  thick- walled  cells  of  the  Inypodermis,  consisting 
of  sclerenchymatous  tissue,  of  bright  appearance,  and 
presenting  a distinction  into  two  layers  of  cell  wall ; 
simple  pits  may  be  seen  in  this  tissue.  It  does  not 
form  a continuous  band,  but  is  interrupted  at  intervals 
in  the  positions  of  the  stomata. 

e.  The  chlorophyll-containing consisting  of  thin- 
walled  parenchymatous  cells,  whose  cell  walls  present  a 
peculiar  infolding.  The  infolding  of  the  cell  wall  is 
best  seen  on  cutting  thin  sections  of  leaves  which 
have  been  kept  in  alcohol. 

f.  Resin  ducts,  which  are  intercellular  spaces  surrounded 
by  a single  layer  of  thin-walled  cells  with  brown 
granular  contents. 

g.  Rings  of  sclerenchyma,  like  that  of  the  hypodermis, 
surrounding  the  layer  of  cells  of  the  resin  duct. 
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h.  The  colourless  fundamental  tissue  in  the  centre  of  the 
section,  consisting  of  parenchymatous  cells  with  thin 
walls  and  protoplasmic  contents,  intermixed  with  a few 
cells  of  the  same  form,  having  no  contents,  and  pre- 
senting appearances  like  bordered  pits,  but  seemingly 
not  perforated  and  merely  consisting  of  lenticular 
spaces  in  the  cell  walls. 

t.  Fihro-vascular  bundles,  consisting  of  rows  of  xylem 
and  phloem  cells,  the  former  somewhat  thickened, 
the  latter  thin  walled.  Xylem  is  directed  towards  the 
flat  side,  or  upper  surface  of  the  leaf. 

V.  Stain  a section  with  Schultz’  solution,  and  note  the  results. 


iv.  Pinus  Sylvestris— The  Root. 

Cut  thin  transverse  sections  of  the  root  of  a young  seed- 
ling of  Pinus.  Mount  in  glycerin. 

Observe  : — 

a.  Absence  of  any  definite  epidermis. 

b.  Cortical  fundamental  tissue. 

c.  The  single  layer  of  cells  of  the  endodermis  or  bundle 
sheath. 

d.  The  pericambium  within  this,  and  composed  of  several 
layers  of  cells. 

e.  Four  or  five  masses  of  xylem,  arranged  radially  round 
the  centre.  Each  is  V-shaped,  and  has  the  apex 
directed  inwards. 

/.  Indistinctly  seen,  are  four  or  five  phloem  masses 
abutting  on  the  pericambium,  and  alternating  with 
the  xylem  masses. 

g.  The  central  medulla,  in  the  middle  of  the  fibro- 
vascular  cylinder. 

h.  The  small- celled  conjunctive  tissue,  filling  up  the  spaces 
in  the  fibro-vascular  cylinder,  between  the  xylem  and 
phloem  masses. 

i.  A 7‘esin  duct,  lying  in  the  pericambium,  opposite  to 
each  xylem  mass. 
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ii.  Cut  thin  transverse  sections  of  a latoral  root  of  a Pinus. 
tree.  Clear  with  potash,  and  mount  in  glycerin.  Examine- 
with  a low  power. 

Observe  : — 

a.  Outer  brown  dried,  withered  cortex. 

b.  CorJi  tissue,  with  a cork  cambium  internal  to  it. 

c.  The  phloeot,  forming  a narrow,  irregular  ring. 

d.  Tlie  cambium,  forming  a complete  ring  of  meristematic- 
tissue,  as  in  the  stem,  and  lying  just  beneath  the 
phloem.  This  tissue  has  been  formed  by  cell  division 
taking  place  in  the  conjunctive  tissue  of  the  fibro- 
vascidar  cylinder,  and  by  it  there  has  been  produced  : — 

e.  The  secondary  xylem,  consisting  of  a broad  band  of 
tissue  passing  completely  round  the  root.  It  presents 
the  same  general  appearance  as  the  secondary  xylem  of 
the  stem,  and  has  secondary  medullary  rays  as  well  as- 
annual  rings,  as  in  the  stem. 

f.  The  primary  xylem,  in  the  form  of  four  or  five  little 
masses  projecting  from  the  secondary  xylem. 

y.  The  central  medulla. 

iii.  By  taking  sections  of  roots  at  various  ages,  it  can  be  shown 

that  : — 

a.  The  cambium  is  formed  from  the  conjunctive  tissue  of 
the  fibro-vascular  cylinder  of  the  young  root. 

b.  The  cork  tissue  is  formed  from  a meristem,  which 
arises  in  the  peripheral  parts  of  the  pericambium  of  the 
young  root. 

c.  Secondary  lateral  roots  take  origin  from  the  pericam- 
bium, opposite  to  the  primary  xylem  masses  of  the 
young  root. 

iv.  Imbed  in  wax,  or  hold  between  two  layers  of  elder  pith,  the 
apex  of  the  root  of  a young  seedling  of  Pinus  which  has 
been  hardened  in  alcohol,  and  cut  longitudinal  sections,  or 
cut  longitudinal  sections  of  the  embryo  within  the  seed. 
Mount  in  glycerin,  or  stain  in  logwood,  and  then  clear  in 
clove  oil,  and  mount  in  Canada  balsam. 

Observe  : — 

a.  The  well-marked  central  cylinder  of  iderome,  terminat- 
ing in  a rounded  summit. 
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h.  The  pprihhn)).,  forming  a liollow  cylinder  surrounding 
the  central  plerome.  Trace  this  upwards  and  find  that 
it  is  continuous  with  : — 

c.  The  caly])tra,  the  cells  of  which  at  the  summit,  form  a 
cone  and  are  loosely  arranged. 

d.  The  absence  of  any  definite  dermatorien. 

e.  Under  a high  power,  the  layer  of  cells  of  the  deeper 
part  of  the  periblem  covering  the  summit  of  the  plerome 
is  in  an  active  state  of  growth,  and  forms  an  initial 
layer,  from  which  there  arise  the  calyptra  and  the  tissue 
of  the  periblem. 

V.  In  thin  sections  of  the  apex  of  the  Finns  root,  study  the 
stages  in  cell  division  according  to  the  directions  at 
page  45. 


V.  Firms  Sylvestris  — The  Organs  of 
Reproduction. 

i.  Take  a “ male  ” cone  or  inflorescence  (See  page  88) ; 
and  cut  it  longitudinally  down  the  centre  (it  is  better  if  it 
has  been  kept  in  spirit  for  some  time). 

Observe : — 

a.  The  main  axis  or  stem  of  the  inflorescence  (I'liacliis) . 

h.  The  brown  scale  leaves,  in  the  axils  of  which  are  seen : — 

c.  Lateral  huds. — Those  near  the  apex  are  ordinary  young 
foliage  shoots  or  axes,  and  bear  rudiments  of  two 
foliage  leaves.  Those  lower  down  are  not  ordinary 
foliage  shoots,  but  are  young  “male”  fioicers.  Examine 
one  of  these  carefully,  dissecting  it  with  needles ; make 
out : — 

1 . Its  axis,  bearing  : — 

2.  Numerous  very  small  scales,  which  are  the 
pollen  bearing  leaves  or  stamens. 

ii.  Remove  one  of  the  scale  like  stamens,  mount  in  glycerin 
and  examine  with  a low  power. 

Observe  : — 

a.  The  very  short  broad  stalk  or  filament  of  the  stamen. 

h.  The  anther,  borne  at  the  summit  of  the  filament,  and 
consisting  of  a flattened  scale  bearing  on  its  inferior 
face,  two  oval  swellings  or  sacs.  These  are  the  pollen 
sacs,  and  are  morphologically  equivalent  to  the  microspo- 
ranqia  of  the  higher  Vascular  Cryptogamia. 
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iii.  Rupture  the  pollen-sacs  of  a stamen,  either  by  needles 
or  by  pressing  on  the  cover  glass. 

Observe  : — 

The  pollen  (jrains,  escaping  from  the  rupture  in  the 
pollen  sac. 


iv.  Put  on  your  high  power,  and  examine  the  poll6Il-gTainS 
(which  are  morphologically  equivalent  to  the  rnicrosporen  of 
the  Vascular  Cryptogamia). 

Observe : — 

a.  The  hockj  of  the  pollen  grain,  consisting  of  : — 

1.  The  cell  ivall,  distinguishable  into  two  layers, 
extine  and  intine. 

2.  The  protoplasm. 

3.  The  vegetative  cell,  consisting  of  a small  part  of 
the  contents  of  the  grain  marked  off  from  the  rest 
by  a crescentic  cell  wall.  (This  cell  may  not  be 
seen  in  pollen  grains  so  young  as  these,  but  are 
well  seen  in  the  ripe  pollen  grains). 

1).  The  bladder-like  outgrowths  or  wings  of  the  pollen 
grain,  made  up  of  expansions  of  the  extine. 


V.  Examine  a fertile  shoot  of  Pinus,  when  the  parts  of  the 

young  inflorescence  have  expanded.  (This  can  only  be 

obtained  in  the  early  summer). 

Observe  : — 

2.  The  main  axis,  i.e.,  the  expanded  axis  of  the  bud, 
bearing  .— 

h.  Lateral  foliage  shoots,  at  its  summit. 

c.  The  floral  axes,  lower  down.  Each  of  these  is  the 
expanded  axis  of  a young  flower  of  the  cone,  and  each 
bears  : — 

d.  The  stamens.  On  shaking  the  shoot  there  can  be 
seen : — 

e.  The  dust-like  pollen  grains. 
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vi.  Mount  some  of  the  dust-like  ripe  pollen  in  glycerin. 

Observe  : — 

The  points  described  under  iv.,  a and  h. 

N.B. — It  is  only  the  main  body  of  the  pollen  grains  tha 
takes  any  part  in  the  subsequent  formation  of  the  yollm 
tube.  The  vegetative  cell  does  not  enter  into  this  process. 
It  is  morphologically  the  male  irrothallus  of  a Vascular 
Cryptogam.  The  wings  simply  serve  the  function  of 
facilitating  the  sratterirKj  of  the  pollen. 

vii.  Examine  one  of  the  small  “ female  ” COnes,  described  at 
page  88,  cutting  longitudinally  down  its  centre. 

In  the  section, 

Observe  : — 

a.  The  main  central  axis,  bearing  : — 

b.  The  large  carpellarij  scales,  the  outer  surfaces  of  which 
correspond  to  the  t|uadrilateral  areas  seen  on  the  cone. 
At  the  base  of  each  of  these,  is  seen  : — 

c.  A much  smaller  scale,  in  whose  axil  the  large  carpellary 
scale  seems  to  be  attached.  The  larger  scale  is  really 
an  outgrowth  from  the  upper  surface  of  the  small 
scale,  and  is  regarded  as  a sort  of  enormously  developed 
placenta. 

viii.  Dissect  off  one  of  the  carpellary  SCaleS.  On  its  under 
surface. 

Observe  : — 

The  ovules.  Note  that  there  are  two  of  these  near  the 
base  of  the  scale ; that  the  apex  of  each  is  directed 
downwards,  towards  the  base  of  the  scale  {anatropous). 


ix.  Cut  longitudinal  sections  of  a “ female  ” COne.  Mount 
in  glycerin,  examining  several  sections. 

Observe  : — The  ovules.  In  each,  note  : 

1.  The  single  integument. 

2.  The  micropgle,  bounded  by  the  extremity  of  the 
integument. 
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3.  The  nucellus^  or  central  mass  of  cells,  in  which 
lies — 

4.  The  emhri/o-sac,  a single  cell  mnch  larger  than 
the  rest  of  the  nucellus. 

N.B. — The  ovule,  morphologically,  is  equivalent  to  the 
macrosporangiuw , and  the  embryo-sac  to  the  macrospore 
of  the  Vascular  Cryptogamia. 


X.  Cut  similar  sections  of  the  older  “ female  ” cone, 
described  at  page  88,  mount  in  glycerin. 


Observe  ; — 


a.  The  characters  described  in  ix. 

h.  In  the  embryo-sac,  note  the  endosperm , consisting  of  a 
mass  of  parenchymatous  cells. 

c.  The  corpuscula,  one  or  two  masses  of  cells,  at  the 
summit  of  the  endosperm.  Each  consists  of — 

1.  The  neck,  surrounded  by  a few  small  cells. 

2.  The  oospliere,  a single  large  cell  just  beneath  the 
neck  cells. 

N.B. — The  endosperm  is  equivalent  to  the  female  pro- 
thallus,  the  corpusculum  to  the  arcliegonium,  and  the 
oosphere  to  the  oosphere  of  the  Vascular  Cryptogamia. 


xi.  Examine  the  “ female  ” COnes,  described  at  page  88. 
Observe  : — 

a.  The  hard  dry  remains  of  the  carpellarij  scales. 

b.  The  seeds  (winged). 

xii.  Dissect  out  a seed,  and  examine  it. 

Observe  : — 

a.  The  testa  (the  dry  integument). 

b.  The  micropyle. 

c.  The  large  mass  of  endosperm,  containing — 
d The  embryo. 
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xiii.  Dissect  out  the  embryos  with  needles,  and  examine 
in  glycerin  with  a low  power. 

Observe  : — 
a.  The  suspcnsor. 

0.  The  radicle,  attached  to  the  suspensor. 

c.  The  cotyledons,  several  in  number  and  surrounding — 

d.  The  rudimentary  plumule. 


0 
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PART  IV. 

PHANEROGAMIA-ANGIOSPERMIA. 


DIVISION  A.— DICOTYLEDONS. 

i.  Helianthus — External  Characters 
Apical  Region  of  Stem. 


i.  Examine  a fairly  well  grown  plant  of  Helianthus  (sun- 
flower), i.e.,  just  before  flowering. 

Observe  : — 

a.  The  main  axis  of  the  plant,  consisting  of  : — 

1.  The  jj^rimary  stem,  erect,  cylindrical,  tapering 
somewhat  toward  the  apex,  herbaceous,  but  firm 
and  resistant,  green,  covered  with  short  hairs. 

2.  The  primary  root,  a continuation  downwards  of 
the  primary  stem,  elongated,  not  so  long  as  the 
primary  stem,  brown  or  yellowish  in  colour,  not 
containing  chlorophyll,  tapering  very  much  towards 
its  extremity  (tap  root) — and  much  branched 
there. 

b.  The  foliaye  leaves,  borne  laterally  on  the  primary 
stem,  simple,  consisting  of  a leaf  stalk  or  petiole  and 
a large  flat  expanded  lamina  or  blade.  The  lamina 
has  a cordate  or  ovate-lanceolate  form,  with  pointed 
extremity.  In  the  lower  part  of  the  plant,  two  leaves 
are  borne  from  the  same  level  of  the  primary  stem 
{opposite),  higher  up,  one  only  at  the  same  level 
{alternate).  The  surface  of  the  leaf  blade  is  hairy  ; 
the  petiole  is  grooved  upon  its  upper  surface. 


X 
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c.  Lateral  roots,  mimerous,  varying  in  size,  borne  more 
or  less  in  rows  upon  the  primary  root,  soft,  delicate 
and  slender  towards  their  terminations.  The  lateral 
roots,  borne  from  the  upper  and  cider  part  of  the 
primary  root,  are  larger  and  stouter  than  those  borne 
nearer  to  the  summit. 

d.  Terminal  hud  of  the  stem,  at  the  summit  of  the 
primary  axis,  consisting,  according  to  the  age  of  the 
plant,  either  of  the  flattened  extremity  of  the  stem 
covered  over  and  surrounded  by  numerous  layers  of 
leaves  of  varying  size,  or  of  an  infloresrence,  made  up 
of  numerous  short  axes  crowded  together,  and  each 
terminating  in  a flower  Or  flower  bud,  and  surrounded 
by  several  layers  of  leaves  at  the  periphery.  Such  an 
inflorescence  is  called  a “ head”  or  capitidum. 

e.  Lateral  buds,  or  short  hrancli.es  of  the  primary  stem 
(according  to  the  age  of  the  plant).  These  are  found 
in  the  axils  of  the  leaves  of  the  primary  stem,  parti- 
cularly in  the  axils  of  the  upper  leaves.  Each  branch 
is  terminated  by  a bud,  or  by  an  inflorescence  similar  to, 
though  smaller  than,  that  found  at  the  apex  of  the 
primary  stem. 

/.  The  nodes  and  internodes  of  the  primary  stem,  the 
latter  longer  in  the  older  and  lower  parts  of  the  stem. 

ii.  Cut  thin  longitudinal  sections  of  the  termination  of  the 
main  stem,  or  of  a lateral  stem,  before  the  formation  of  the 
flower  has  begun.  Mount  in  glycerin  and  examine  with  a 
low  power. 

Observe  : — 

a.  The  entire  absence  of  an  apical  cell. 

h.  The  flattened  disk-like  termination  of  the  stem,  raised 
somewhat  in  the  centre,  i.e.  the  true  summit. 

c.  Leaves  in  various  stages  of  development  at  the  peri- 
pheral parts  of  the  disk,  oldest  and  largest  leaves  most 
external,  younger  ones  nearer  to  the  apex.  {Acro}-)etal 
succession). 

d.  The  general  small-celled  active  meristem,  occupying 
the  extreme  summit. 

e.  Slightly  removed  from  the  summit,  the  meristem  is 
differentiated  into  certain  layers,  viz.  : — 
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1.  The  dermafogcu — a single  layer  of  cells  at  the 
surface.  This  is  the  generating  tissue  of  tin', 
epidermis.  Traced  downwards,  it  will  be  found 
to  become  continuous  with  the  epidermal  system 
to  be  presently  described.  Its  cells  divide  only 
at  right  angles  to  the  surface. 

2.  The  pwram hium — consisting  of  dark-looking  longi- 
tudinally-placed rows  of  cells.  They  are  the 
"eneratino-  cells  which  form  the  libro-vascular 

O O 

bundles. 

3.  The  central  cellular  cylinder,  the  geneiWdng 
tissue  for  the  central  part  of  the  fundamental 
system  ; (2)  and  (3)  may,  for  sake  of  comparison 
with  the  root  (see  page  121),  be  called  together 
the  pleromc,  as  they  represent  this  meristematic 
mass,  seen  in  roots. 

4.  Between  the  dermatogen  and  the  procambium 
lies  the  perihleui^  the  generating  tissue  for  the 
cortical  part  of  the  fundamental  system. 


iii.  In  the  same  sections,  study  the  development  of  leaves. 

Observe  : — 

a.  That  they  arise  as  outgrowths  of  the  dermatogen  and 
periblem,  and  at  first  only  consist  of  these  parts. 

h.  Subsequently  there  forms  in  them  a procambium^ 
which  becomes,  later  on,  continuous  with  that  of  the 
stem. 

iv.  Study  also  the  development  of  hairs. 

Observe  : — 


That  in  all  cases  they  take  origin  from  the  dermatogen 
or  its  product,  the  epidermis.  They  are  not  fouiKl  at 
the  extreme  apex. 
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ii.  Helianthus — The  Stem. 

i.  Cut  tliin  transverse  sections  of  the  young  part  of  the 
stem  of  Helianthus.  Mount  in  glycerin,  and  examine 
with  a low  power. 

Observe  : — 

a.  The  eindermis,  consisting  of  a single  layer  of  cells 
completely  covering  the  surface  of  the  section,  and 
"ivin"  origin  here  and  there  to — 

o o o 

1.  Hairt!.  Note  their  attachment  to  the  epidermal 
layer,  but  no  deeper. 

c.  Cortical  part  of  the  fundamental  tissue^  consisting 
of — 

1.  The  h ypodermic — a band  of  tissue  just  beneath  the 
epidermis,  and  made  up  of  smaller  cells  than  the 
rest  of  the  fundamental  tissue.  The  variety  of 
parenchyma  composing  this  tissue  is  collencliyma 
(the  details  of  its  structure  will  be  seen  on 
examining  with  a high  power). 

2.  Ordinary  thin- walled with  small  inter- 
cellular spaces,  made  up  of  cells  considerably 
larger  than  those  of  the  hypodermis. 

3.  The  hundJe  sheath — a single  layer  of  small  thin- 
walled  cells  immediately  surrounding  the  ring  of 
hbro-vascular  bundles.  It  is  seen  better  on 
examining  with  a high  power. 

d.  Fihro-vasc^dar  hundJes.  These  are  numerous  wedge- 
shaped  masses  of  tissue,  separate  from  each  other  (in 
the  youny  stem),  and  arranged  in  a ring. 

e.  The  central  part  of  the  fundamental  tissue  known  as 
the  wedidla,  or  pith,  lying  within  the  ring  of  fibro- 
vascidar  bundles,  composed  of  ordinary  thin-walled 
colourless  parenchyma. 

f.  The  primary  mechdlary  rays,  composed  of  similar 
parenchyma  to  the  pith,  and  forming  radiating  bands 
of  tissue  which  connect  together  the  peripheral  cortex 
and  the  central  medulla. 
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ii.  Examine  your  thinnest  section  with  a high  power. 


Observe  : — 


a.  Eimlermis — made  up  of  a single  continuous  layer 
of  somewhat  flattened  cells.  The  cell  walls  are  }>ar- 
ticularly  thickened  in  the  outer  layer,  which  forms  a 
definite  cuticle  covering  the  external  surface.  These 
cells  contain  a little  protoplasmic  material,  but  no 
chlorophyll. 

1).  The  hairs — continuous  with  the  tissue  of  the  epider- 
mis, which  at  the  point  of  attachment  of  the  hairs 
forms  a prominence.  Each  hair  is  broad  below,  but 
tapers  to  a point  at  its  free  extremity,  and  is  made  up 
of  a single  row  of  several  cells. 

c.  The  hy'i>ndermis — made  up  of  collenchyma,  i.e.,  tissue 
in  which  the  cells  have  walls  particularly  thickened 
at  the  angles  at  which  two  or  more  cells  join.  The 
beads  of  thickening  have  a bright  refractive  appear- 
ance, and  sometimes  present  small  slit-like  intercellular 
spaces  in  their  middle.  The  contents  of  the  cells  are 
protoplasm  and  chlorophyll,  so  that  this  band  of  tissue 
presents  a darker  appearance  than  the  rest  of  the 
fundamental  tissue. 

d.  The  tissue  of  the  medulla,  medidlary  rays,  and  rest  of 
the  cortex,  consists  of  ordinary  thin-walled  large  paren- 
chymatous cells  with  intercellular  spaces,  and  very 
little  colourless  protoplasm.  Note  some  resin  ducts 
lying  in  the  cortical  fundamental  tissue. 

e.  The  hundle  sheath  or  endodermis,  consisting  of  a thin 
layer  of  very  thin-walled  cells.  They  are  considerably 
smaller  than  the  other  cells  of  the  fundamental  tissue. 
Their  contents  are  granular,  and  chiefly  starch.  This 
layer  of  cells  can  be  traced  continuously  as  a ring 
outside  the  fibro-vascular  bundles.  {See  page  24.) 

/.  The  jihro-vascidar  bundles.  Each  bundle  is  made  up 
of  three  main  parts,  arranged  in  a radial  series  : the 
most  external  is  ])hloem,  the  most  internal  is  xylem, 
and  between  these  there  lies  a meristematic  tissue  or 
cambium.  Examine  each  of  these  carefully,  making 
out — 

1.  The  23hloem  or  bast,  consisting  of  two  parts,  hard 
bast  and  soft  bast.  The  former  lies  most 
externally,  and  nearest  to  the  bundle  sheath, 
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and  consists  of  several  layers  of  cells,  each  ceil 
small  in  section,  having  cell  walls  much  thick- 
ened, bright  and  highly  refractive  in  appearance, 
and  with  very  little  cell-contents.  These  are  the 
phloem  or  bast  fibres,  and  in  very  young  stems 
are  not  easily  distinguishable  from  the  phloem 
parenchyma.  The  soft  bast  lies  more  internally 
and  has  a generally  darker  appearance.  It  is 
made  up  of  thin-walled  cells,  possessing  granular 
cell-contents.  Some  of  the  cells  are  large  in 
section.  These  are  the  sieve  tubes  or  vessels 
of  the  phloem  ; but  the  greater  number  are  small 
and  form  the  phloem  parenchyma. 

If  the  cells  of  the  soft  bast  are  traced  inwards 
towards  the  deeper  tissues,  they  are  found  to  be 
arranged  in  radial  rows,  which  in  the  deepest  part 
of  the  phloem  become  continuous  with  the  rows 
of  cambium  cells. 

2.  The  camhium,  consisting  of  a narrow,  rather  misty, 
or  finely  granular-looking  band,  lying  just  internal 
to  the  soft  bast.  It  consists  of  thin-walled  cells 
containing  protoplasm,  arranged  in  radial  rows, 
continuous  on  the  one  hand  with  the  rows  of 
phloem  cells,  and  on  the  other  with  the  rows  of 
xylein  tissue.  Each  cell  is  flattened  in  its  radial 
diameter,  and  elongated  tangentially  ; they  have 
sharp  angles,  and  thus  present  the  form  of 
parallelograms  in  transverse  sections.  These  cells 
are  meristematic,  and  are  in  a constant  state  of 
division  by  tangential  division  planes. 

3.  The  xylmn,  consisting  of  various  cellular  elements 
arranged  in  more  or  less  radial  rows.  The  large 
polyhedral  or  rounded  sjDaces  are  sections  of 
vessels.  Each  consists  of  a thickened  cell 
wall,  surrounding  a central  cavity  from  which 
the  protoplasm  has  disappeared.  The  Avails  of 
the  vessels  nearest  to  the  cambium  are  not  so 
thick  as  the  others.  These  are  the  younger 
vessels,  and  have  pits  in  their  walls.  The  older 
vessels  {protoxijlern),  in  the  more  internal  parts  of 
the  xylem,  are  spiral  vessels,  and  are  smaller  than 
the  younger  ones.  Lying  amongst  the  A^essels, 
and  particularly  in  the  younger  parts  of  the 
xylem,  are  rows  of  Avood  fibres,  AA'hose  Avails  are 
considerably  thickened  (not  so  much  in  sections 
of  very  young  stems).  Scattered  amongst  lliesi'. 
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l)ut  particular!}'  lying  l^etwcen  the  spiral  vessels 
of  the  oldest  parts  of  the  xylem,  are  large  num- 
bers of  small  thill-walled  cells  with  granular  cell- 
contents,  They  form  the  xylem  parenchyma. 
Carefully  trace  the  radial  rows  of  the  elements 
of  xylem  and  phloem  into  the  rows  of  cambium 
cells,  and  satisfy  yourself  that  they  are  developed 
from  the  cambium. 

N.B. — The  parts  of  a fibro-vascular  bundle  may  be 
taladated  thus  : — 


Cambium  = a meristem. 

[ Vessels  {S2nml,  pitted,  &c.). 

Xylem  Parenchyma. 

( Fibres. 

iii.  Cut  thin  transverse  sections  of  an  older  stem  of  Helianthus 
(one  about  — |^-inch  or  more  in  diameter) ; mount  in 
glycerin,  and  examine  with  a lov'  and  afterwards  a high 
power. 

Observe  ; — • 

a.  The  same  general  arrangement  of  tissues  as  in  the 
young  stem. 

h.  Bundle  sheath  less  distinct — in  fact,  very  difficult  to 
trace. 

c.  The  libro-vascular  bundles  more  distinct  and  larger 
than  in  the  young  stem. 

d.  The  phloem  fibres  very  obvious,  and  their  walls  thicker 
than  in  young  stems. 

e.  Wood  fibres  very  distinct. 

/.  Fibro-vascular  bundles  are  united  together  by  bands  of 
tissue  extending  across  the  primary  medullary  rays. 
These  bands  of  tissue  consist  of  : — 


1.  A meristematic  tissue,  continuous  with  the  cam- 
bium of  the  fibro-vascular  bundles.  This  meristem 
has  T)een  formed  in  the  primary  medullary  rays 
by  means  of  tangential  divisions  in  their  cells  ; 
and  the  meristem  thus  formed  is  called  inter- 
fascicular cambium,  and  with  the  cambium  of 
the  bundles  forms  a complete  ring  of  meristematic 
tissue. 


Fibres 


Hard  hast. 


Phloem 
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2.  A few  elements  lying  internal  to  the  inter- 
fascicular cambimn,  and  continuous  with  the 
younger  parts  of  the  xylem.  These  are  iater- 
fasr.icular  of  xy lew, 

N.B. — In  the  case  of  Helianthus,  which  is  an  annual, 
the  cambium-ring,  formed  by  the  means  stated  above,  gives 
rise  only  to  a small  amount  of  secondary  xylem  and  phloem, 
but  in  some  other  cases  of  dicotyledonous  stems  a large  and 
very  thick  band  of  secondary  xylem  is  produced.  These 
two  types  of  stems  may  be  distinguished  as  the  herhaceous 
(Helianthus)  and  woody.  A type  of  the  Avoody  stem  will 
be  described  in  the  sequel. 


iii.  Helianthus — The  Stem  (Continhed). 

i.  Cut  thin  longitudinal  radial  sections  of  an  old  stem  of 

Helianthus ; mount  in  glycerin,  and  examine  Avith  a 

loAv  and  high  power. 

Observe  : — 

a.  The  epidermis,  consisting  of  cells  having  their  long 
diameters  placed  longitudinally,  and  their  short 
diameters  radially.  They  form  a single  layer  at  the 
surface. 

b.  The  hairs — consisting  each  of  a single  roAv  of  cells 
attached  by  a broad  loase  to  the  epidermis,  Avhich  is 
raised  at  these  spots. 

c.  The  cortical  fundamental  tissue,  distinguished  into 
tAvo  layers  of  cells — 

1.  The  outer,  collenchyma,  consisting  of  cells  elon- 
gated in  a longitudinal  direction,  and  having 
thickenings,  jjarticularly  in  their  longitudinal 
Avails.  The  cells  contain  chlorophyll  grains,  and 
a protuberance  of  these  cells  is  formed  Avhere 
the  hairs  leave  the  epidermis. 

2.  The  inner,  ordinary  j)arenchymatous  cells,  having 
thin  cell  Avails,  AAuth  intercellular  spaces  and  very 
little  colourless  cell-contents. 

N.B. — The  bundle  sheath  cannot  usually  be  distinguished. 

d.  The  central  med.idla  of  ordinary  thin-Avalled  paren- 
chymatous cells. 


lix 

e.  Tlie  fibro-vascular  bundle.  In  tlie  bundle  the  following 
layers  and  forms  of  cells  can  be  seen  from  without 
inwards : — 

1.  The  phh)(hn  ^fibrefi,  or  hard  bast,  forming  a thick 
band  of  tissue,  several  layers  of  cells  in  tliick- 
ness.  The  cells  are  prosenchymatous,  their  walls 
are  pitted  and  thickened,  and  they  <lo  not  con- 
tain protoplasm.  In  specimens  which  have  not 
been  kept  in  spirit,  they  often  are  found  to  con- 
tain large  air-bul3bles,  wliich  obscure  their 
structure. 

2.  Several  layers  of  thin-walled  cells  with  granular 
protoplasmic  contents.  These  cells  are  consider- 
ably shorter  in  their  radial  diameters  than  in 
their  longitudinal  ones ; as  the  cells  of  the  cam- 
bium have  a similar  form,  these  are  often  called 
eambiform  cells. 

3.  Sieve  tubes.  These  are  found  scattered  amongst 

the  cambiform  cells  of  the  soft  bast.  They 
should  be  carefully  studied  in  both  longitudinal 
and  transverse  sections.  As  seen  in  transverse 
sections,  they  appear  as  large  thin-walled  cells 
lying  amongst  the  cambiform  cells  of  tlie  phloem. 
Occasionally,  in  one  of  these  large  cells  there  is 
seen  a sieve  (the  section  happens  to  have 

passed  near  it).  It  has  the  form  of  a transverse 
disk  with  a dotted  appearance  (due  to  the  per- 
forations in  it).  Closely  adjacent  to  the  sieve 
tubes,  and  appearing  as  if  merely  segmented  off 
from  them,  there  are  two  smaller  cells  (best  seen 
in  those  in  which  the  sieve  plates  are  visible). 
These  are  the  companion  or  sister  cells  of  tlie 
sieve  tubes.  In  longitudinal  sections,  the  sieve 
tubes  appear  as  long  rows  of  elongated  cells, 
separated  from  each  other  by  transverse  or  oblique 
septa,  and  the  two  elongated  companion  or  sister 
cells  may  occasionally  be  made  out.  The  cells 
composing  the  sieve  tubes  have  the  same  general 
form  as  the  cambiform  cells,  but  are  larger  and 
are  swollen  at  the  positions  of  the  transverse 
septa.  The  walls  of  the  cells  of  the  sieve  tubes 
are  thin,  except  the  transverse  walls,  which  are 
.somewhat  thickened,  but  in  such  a manner  as  to 
leave  unthickened  spots,  where  actual  perforations 
are  found.  These  transverse  walls  are  the  sieve 
plates.  The  protoplasm  of  the  sieve  tubes  is 
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finely  granular,  and  at  the  junction  of  the  cells 
composing  the  tubes  it  swells  out  into  a broad 
mass.  Between  the  broad  extremities  of  the 
])rotoplasni,  in  adjacent  cells  of  the  sieve  tubes, 
there  pass  a number  of  fine  protoplasmic  fila- 
ments, traversing  the  small  canals  in  the  sieve 
plates,  and  so  placing  the  contents  of  the  cells  of 
the  tube  in  direct  organic  continuity.  The  sieve 
^ plates  are  often  obscured  by  a material  called 
callut<.  All  these  points  are  best  demonstrated 
by  taking  a very  thin  section,  treating  it  first 
with  dilute  potash,  which  dissolves  the  callus 
and  leaves  the  sieve  plate  untouched.  Then 

stain  with  iodine  or  eosin  or  Spider’s  purple 
(which  stain  the  protoplasm),  and  examine  with 
a high  power. 

4.  Cambium,  consisting  of  thin-walled  cells  with 
protoplasmic  contents.  They  are  elongated,  and 
narrow  in  their  radial  diameters. 

5.  Xylew  vessels.  Those  nearest  to  the  cambium  are 
of  the  pitted  kind.  The  pits  are  regularly  arranged 
and  bordered.  Where  the  side  walls  of  the  pitted 
vessels  are  cut  longitudinally,  there  is  found  a 
beaded  appearance,  due  to  the  regular  pits  with 
thickening  between  them.  The  pits  are  not  per- 
forated. The  remains  of  the  transverse  septa, 
which  originally  separated  the  cells  composing 
the  jutted  vessels,  may  also  be  seen.  The  older 
vessels  are  almost  all  of  the  spiral  variety,  the 
band  of  thickening  making  either  close  spiral 
turns  or  loosely  arranged  turns.  One  or  two 
vessels  with  irregular  or  reticulated  thickening 
may  be  seen,  and  occasionally  a vessel  with  a 
regular  series  of  annular  thickenings  is  found  in 
the  older  parts  of  the  xylem. 

6.  Xylem  fibres  are  found  in  layers  of  two  or  three 
between  the  vessels  in  the  younger  part  of  the 
xylem.  They  are  prosenchyniatous,  and  have 
thickened  walls. 

7.  Thin-walled  xylem  parenchyma,  particularly  found 
amongst  the  spiral  vessels  in  the  older  parts  of  the 
xylem. 

. ii.  In  longitudinal  tangential  sections  varying  appearances 
are  found,  according  to  what  parts  of  the  bundles  and  how 
many  bundles,  the  sections  happen  to  pass  through.  These 
do  not  need  a separate  description. 
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iv.  The  Woody  Type  of  Stem — Sam- 
hucus. 

i.  Examine  v'itli  the  naked  eye  a shoot  of  SambuCUS 

nigra  of  the  present  year’s  growth. 

Observe  : — 

a.  Green  or  brownish  in  colour. 

h.  Hard  and  resistant  in  consistency. 

c.  Ribbed. 

(.1.  Glabrous. 

e.  Certain  raised  oval  areas  of  a brown  colour,  scattered 
over  the  surface  (lenticeh). 

ii.  Cut  thin  transverse  sections  of  the  present  year’s  stem 

mount  in  glycerin,  and  examine  with  a low  power. 

Observe  : — 

a.  Epidermis^  The  single  laj^er  of  cells  at  the  surface. 
Note  the  outer  thickened  stratified  cell  wall  or  cuticle, 

I).  The  douiata.  Usually  the  position  of  these  is  marked 
by  a raising  of  the  epidermis. 

c.  The  cork  layer.  Two  or  three  layers  of  cubical  or 
oblong  thin-walled  cells,  whose  walls  have  been 
cuticularised.  Beneath  the  stomata,  note  the  inter- 
ruption of  the  cork  tissue.  In  these  situations,  there 
is  a rising  up  of  the  surface,  and  the  cells  - beneath  the 
stomata  are  small  and  rounded,  loosely  arranged,  and 
of  a brown  colour.  These  are  the  young  lenticels. 

d.  The  lenticels.  Here  the  epidermis  is  ruptured  and  the 
margins  are  raised.  The  rupture  is  filled  by  a large 
number  of  thin-walled,  brown,  loosely-arranged  cells. 
The  epidermis  has  given  way  in  the  positions  of  the 
stomata,  and  the  lenticels  perform  the  functions  of 
stomata  (Cf.  c). 

e.  The  cork  carnhium  or  phelloyen.  This  is  a narrow,, 
complete  band  of  formative  tissue,  extending  rouml 
the  stem  beneath  the  cork  tissue.  It  consists  of  oblona’ 
cells  elongated  tangentially  and  flattened  radially.  By 
it  the  cork  is  produced,  and  also  the  loose  tissue  of  the 
lenticels.  It  is  better  seen  with  a high  jDower. 
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/.  Cortiral  fundamental  tisme,  consisting  of  two  bands 
of  cells. 

1.  An  outer  layer,  many  cells  in  thickness,  of  collen- 
cliyrna^  with  dark  granular  cell-contents. 

2.  An  inner  stratum  of  cells,  also  several  layers  in 
thickness,  consisting  of  ordinary  parenchyma, 
containing  abundant  granular  protoplasm  with 
numerous  small  starch  grains. 

y.  Hard  hast,  consisting  of  isolated  groups  of  thick-walled, 
bright-looking  cells.  The  groups  form  an  interrupted 
ring. 

li.  Soft  hast,  forming  a complete  ring  of  dark-looking 
tissue,  made  up  of  thin-walled  cells  with  dark  granular 
protoplasmic  contents. 

i.  Camhium.  A narrow  but  complete  ring  of  thin-walled 
cells  having  the  same  general  characters  as  the 
cambium  in  Helianthus. 

j.  The  secondary  xylem.  A broad  band  of  hard  tissue 
composed  of  vessels  and  wood  fibres,  the  former  appear- 
ing as  large  sjmces — some  with  dark  brown,  clear 
contents, — the  latter  as  narrow  smaller  spaces,  with 
thickened  bright  cell  walls.  Note  the  general  radiat- 
ing appearance  of  this  layer  and  the  radiating  bands 
of  darker-looking  cells  {secondary  medullary  rays). 

7i.  The  primary  xylem,  consisting  of  wedge  shaped  groups 
of  cells,  projecting  from  the  inner  side  of  the  secondary 
;j^ylem  at  intervals  around  the  stem.  They  form  an 
interrupted  ring,  and  give  a sort  of  crenated  margin 
to  the  inner  side  of  the  xylem  band.  Note  that  they 
are  found  in  the  same  radial  line  with  the  isolated 
masses  of  hard  bast.  These  mark  the  original  xylem 
and  phloem  elements  of  the  primary  hbro-vascular 
system,  i.e.,  that  existing  before  the  complete  cambium 
ring  was  formed,  and  the  production  of  secondary 
xylem  and  phloem  took  place. 

1.  The  central  medndla,  or  pith,  of  ordinary  parenchy- 
matous fundamental  tissue. 


iii  Examine  your  thinnest  section  with  a high  power,  and 
make  out  more  carefully  the  characters  of  the  cells  com- 
posing the  various  layers. 
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Observe  : — 

<1.  Cells  of  epidermis  contain  finely  granular  protoplasm. 

h.  Cork  cells  have  no  protoplasmic  contents. 

c.  The  phellogen  cells  are  elongated  tangentially  an<l 
contain  protoplasm.  Trace  the  gradual  transition  of 
the  radial  rows  of  phellogen  cells  into  the  radial  rows 
of  cork  cells. 

The  collenchyma  cells  contain  protoplasm. 

€.  The  form  of  the  vamhium  cells. 

/.  The  radial  rows  of  parenchymatous  cells  which  form 
the  secondary  medullary  rays.  They  have  vory  darlv 
granular  contents,  and  are  elongated  radially. 

//.  The  very  thick  Avails  of  the  Avood  fibres  and  of  the 
hard  bast.  Note  their  narroAv  cavities,  and  the  dis- 
tinction into  common  and  thickened  part  of  the  cell 
Avail. 

h.  The  regular  radial  arrangement  of  the  Avood  fibres. 
Trace  them  into  the  radial  roAvs  of  cambium  cells. 


Stain  a section  in  Schultz’  solution,  and  note  the  results. 


Out  thin  longitudinal  radial  sections  of  the  one-year-old 
stem  of  Sambucus.  Examine  in  glvcerin  Avith  a Ioav 
und  then  Avith  a high  poAver. 

Observe : — 

• a.  The  epidermis. 

h.  The  corlh  tissue^  consisting  of  thin-Avalled  nearly  cubical 
cells  Avithout  protoplasm. 

r.  The  cork  camhium^  made  up  of  thin-walled  cells,  elon- 
gated, narroAv  in  their  radial  diameters,  and  containing 
protoplasm. 

d . The  collenchyma,  composed  of  elongated  cells,  oblong- 
in  form,  Avith  thin  transverse  Avails,  and  bright,  highly 
refractive,  thickened  longitudinal  ones. 

e.  ( reneral  ordinary  cortical  parenchyma,  Avith  thin  Avails 
and  plentiful  granular  protoplasm. 

t.  No  bundle  sheath. 
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r/.  The  Hbro-vaiscular  system. 

1.  Most  externally  there  may  he  included  in  the 
section  the  hard  hast,  or  'pviinary  2ytdo'em,  seen  to> 
be  composed  of  prosenchyniatoiis,  thick-walled 
cells  with  a few  simple  pits. 

2.  The  soft  had,  or  secondary  phloem,  consisting  of 
several  layers  of  cells,  mostly  oblong  in  form,  with 
granular  protoplasm  and  thin  cell  Avails.  Two 
kinds  of  elements  are  to  be  distinguished — • 
(a)  cells  ; (/5)  sieve  tubes.  The  latter  have  a dif- 
ferent structure  from  those  found  in  the  primary 
bast  of  the  Sunflower.  They  appear  as  more  or 
less  elongated  cells,  with  oblique  or  transverse 
septa,  and  thin  cell  walls  with  granular  proto- 
jDlasmic  contents.  The  sieve  plates  are  not  formed 
in  the  transverse  septa,  but  are  found  on  the 
radial  longitudinal  walls  ; so  that  in  the  sections. 
noAv  under  examination  they  are  seen  on  surface- 
view.  They  appear  as  oval  or  elongated  angular 
areas  on  the  cell  walls,  having  a punctated  apj^ear- 
ance  due  to  the  perforations. 

3.  Cambium,  consisting  of  narrow  thin-Avalled  oblong 
cells,  containing  protoplasm.  Trace  the  radial 
rows  of  phloem  cells  into  continuity  with  these. 

4.  Secondary  xylem.  A thick  band  of  tissue,  com- 
posed of  two  elements,  the  cells  of  Avhich  are 
arranged  differently  according  to  the  exact 
way  in  Avhich  the  section  has  cut  the  xylem. 
These  elements  are  the  vessels  and  the  icood  fibres. 
The  former  consist  of  large  tubes  Avith  thickened 
Avails  ; they  are  either  of  the  pitted  or  reticu- 
lated kind.  When  seen  in  surface  vieAv  the  j3its^ 
are  found  to  be  regularly  arranged  and  bordered. 
As  seen  in  section,  the  longitudinal  Avails  pre- 
sent numerous  depressions  passing  through  the- 

. thickened  part  of  the  Avail  doAvn  to  the  common 
AAmll.  Usually,  the  pits  in  adjacent  A'^essels  are 
jdaced  opposite  each  other,  so  that  the  pitted 
Avails  present  the  appearance  of  roAvs  of  beads  of 
cell  Avail,  strung  together,  as  it  Avere,  by  the  thin 
common  cell  Avail.  The  thin  transverse  or  oblique 
septa  of  the  pitted  vessels  can  be  seen  in  some 
cases.  The  wood  fibres  found  in  bands  betAveen 
the  layers  of  vessels,  and  are  proscnchymatous  in 
form,  with  thickened  walls  and  a few  simple  pits^ 
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Xear  to  the  camlniini  band,  are  seen  some  young 
vessels  which  are  narrower  than  the  older  ones, 
and  have  thinner  walls  ; they  have  a few  pits,  and 
the  transverse  Avails  of  the  cells  Avhich  compose 
these  young  vessels  are  distinctly  seen. 

If  your  section  happen  to  have  passed  along  a 
fieroiKlarn  iiwhiUanj  ra//,  or  part  of  one,  there  are 
found  numerous  radial  roAvs  of  oblong  cells, 
Avith  their  long  diameters  placed  longitudinally, 
and  containing  much  granular  and  starchy  con- 
tents. Their  Avails  present  pits,  seen  in  section  as 
roAvs  of  beads,  Avhich  are  found  on  the  transverse 
as  Avell  as  the  longitudinal  Avails. 

5.  Primarn  xulern^  lying  internally  to  the  secondary 
xyleni,  if  your  sections  happen  to  have  passed 
through  it.  It  is  found  to  consist  of  several 
spiral  vessels,  Avith  a feAv  parenchymatous  cells 
scattered  amongst  them.  They  are  larger  near  to 
the  secondary  xylem. 

h.  The  central  medulla,  consisting  of  ordinary  thin-Avalled 
parenchyma. 


vi.  Cut  thin  longitudinal  tangential  sections  of  the  stem  of 

Sambucus.  Examine  in  the  same  Avay. 

Observe  ; — 

a.  Varying  aj^pearances  according  to  the  tissue  cut  through. 

h.  In  sections  passing  through  the  phloem  tangentially, 
the  radial  Avails  of  the  sieve  tubes  Avill  be  cut,  and  the 
sieve  plates  Avill  appear  as  groups  of  perforations  in 
those  Avails  at  slightly  thickened  spots.  A feAv  sieve 
plates  Avill  also  be  seen  on  surface  vieAv  in  the  tan- 
gential Avails. 

V.  In  sections  through  the  secondary  xylem,  the  serondarg 
medidlary  rays  will  be  seen  as  longitudinal  roAvs  of 
cells  of  dark  appearance,  owing  to  granular  protoplasm 
and  starch  grains.  The  cells  are  oblong  in  form,  and 
have  longitudinal  and  transverse  pitted  Avails.  They 
extend  for  a considerable  distance  longitudinally,  but 
not  throughout  the  Avhole  height  of  the  stem. 

d.  In  other  respects,  compare  Avith  longitudinal  radi.'d 
sections. 
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vii.  Carefully  compare  with  Helianthus,  noting  the  following 
points  : — 

a.  Cork  tissue,  cork  cambium,  and  lenticels  in  Elder,  not 
in  Sunflower. 


h.  Complete  broad  bands  of  secondary  phloem  and  xylem 
in  Elder.  These  are  only  very  poorly  seen  in  Sunflower. 


N.B. — The  Jibro- vascular  system  may  he  tabulated  thus  : — • 


Phloem 


( Primary  = Bast  fibres. 

^ _ / Bast  cells. 

I S CO  y I vessels  {sieve  tubes). 


Cambium  = a complete  ring  of  meristem. 


Xylem 


Secondary 

j 

Primary 


f Wood  fibres. 

' Vessels  {pitted). 

( Cells  {second,  med.  rays), 
i Vessels  {sjnral). 

1 Cells. 


V.  The  Root— Phaseolus. 


i.  Examine  with  the  naked  eye  the  young  primary  root  of 
Phaseolus,  obtained  by  germinating  the  seeds  and  taking 
the  primary  root  or  radicle  vdien  it  has  attained  a few 
inches  lengUi. 


Observe  : — 

a.  The  more  or  less  cylindrical  gwimary  or  tap  root, 
bearing  at  its  upper  part — 

b.  Numerous  lateral  roots,  which  are  longer  and  more 
developed  in  the  upper  part,  and  smaller  towards  the 
apex  {acropetal).  Note  that  they  are  arranged  in 
regular  longitudinal  rows,  four  in  number.  This,  as 
we  shall  presently  see,  corresponds  in  number  to  the 
xylem  masses. 

c.  No  secondary  roots  are  found  near  to  the  apex  of  the 
primary  root. 
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Cut  thill  transverse  sections  of  a primary  root  of  PhaS60" 
lus,  which  has  heen  kept  in  alcohol  for  some  days,  selecting' 
the  part  from  which  no  secondary  roots  have  been  given  off. 
Examine  in  glycerin  with  a low  and  afterwards  a high 
power. 

Observe  : — 

a.  JNIost  externally,  the  eindermi^^  giving  off  a few  uni- 
cellular root  hairs. 

h.  Just  beneath  it,  a broad  band  of  cortical  fundamental 
tissue,  consisting  of  thin-walled  parenchyma  with 
starch  grains. 

c.  The  endodennis,  or  hundle  sheath^  consisting  of  a single 
layer  of  cells  considerably  smaller  than  those  of  the 
cortical  fundamental  tissue. 

d.  The  Jibro-vascidar  system,  or  cylinder,  occupying  the 
central  region  of  the  root  and  made  up  of — 

1.  The  pericamhium,  consisting  of  a single  layer  of 
cells,  larger  than  those  of  the  bundle  sheath,  and 
arranged  in  a somewhat  columnar  manner.  The 
cells  are  thin  walled,  and  the  layer  can  be  traced 
more  or  less  completely  around  the  cylinder.  At 
four  radiating  points  in  its  circumference  it  is 
seen  to  be  not  so  easily  traceable,  and  is  here 
several  layers  of  cells  in  thickness.  It  may  even 
be  seen  to  have  grown  out,  and  to  form  conical 
masses  projecting  into  the  cortical  tissue. 

2.  Within  tire  ring  of  jDericambium,  are  seen  four 
radiating  isolated  masses  of  primary  xylem, 
which  are  placed  opposite  (f.e.  in  the  same  radii 
with)  the  thickened  parts  of  the  iDericambium. 
Note  that  each  xylem  mass  is  wedge-shaped,  with 
the  apex  applied  to  the  inner  aspect  of  the  peri- 
cambium  ring,  and  the  base  directed  inwards.  It 
has  a yellowish  appearance,  and,  with  the  high 
power,  tlie  walls  of  the  cells  composing  it  are  seen 
to  be  thickened.  The  elements  of  the  xylem  are 
larger  and  have  thinner  walls  towards  the  centre 
of  the  root  (where  the  cells  are  developing  into 
xylem).  The  protoxylem  of  the  root  is  external, 
ivhilst  that  of  the  stem  is  internal  in  position,  and 
the  primary  xylem  groius  centripetally  in  the  root, 
centrifugally  in  the  stem. 
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3.  There  may  also  he  seen  four  isolated  masses  of 
primary  phloem,  not  nearly  so  well  marked 
as  the  primary  xylem.  They  alternate  in  position 
with  the  primary  xylem  masses,  i.e.  lie  along 
radii  alternating  with  those  of  the  primary  xylem 
masses. 

4.  Lying  between  the  xylem  and  phloem  masses,  are 
bands  of  parenchymatous  tissue  forming  the  con- 
junctwe  tissue  of  the  fibro-vascular  systein. 

e.  Within  the  fibro-vascular  cylinder,  is  a central  mass  of 
parenchymatous  tissue,  forming  the  medulla. 

iii.  Cut  similar  thin  transverse  sections  of  the  older  part  of  a 

primary  root  of  Phaseolus,  taking  care  that  it  is  in  the 

region  of  the  lateral  roots. 

Observe  ; — 

a.  The  same  general  arrangement  of  tissues  as  in  ii. 

1).  Opposite  to  the  xylem  masses,  the  secondary  roots  are 
seen  to  spring  as  endogenous  structures. 

c.  The  lateral  roots  take  origin  from  the  pericanibium, 
together  with  some  of  the  cortical  fundamental  tissue. 

d.  The  structure  of  the  lateral  roots  can  be  seen  in 
longitudinal  section.  A fibro-vascular  bundle  may  be 
seen  in  the  centre  of  the  larger  ones.  In  the  younger 
lateral  roots  the  arrangement  of  the  cells  at  the  apex 
may  be  made  out  [oide  infra). 

iv.  Cut  thin  transverse  sections  of  an  old  root  of  Phaseolus 

or  other  Dicotyledon. 

Observe  ; — 

a.  The  cortical  tissue  and  epidermis.  A certain  amount 
of  cork  tissue  has  been  produced  in  the  cortical  tissue. 

1).  Small  masses  of  prirnary pliloein.,  arranged  in  a radiating 
manner,  and  not  very  easily  distinguishable  from — 

c.  The  secondary  pldocm,  forming  a narrow  interrupted 
band  lying  at  the  peripheral  part  of  the  fibro-vascular 
system. 

d.  The  camhium^  not  formmg  so  complete  a ring  as  in 
the  stem,  but  otherwise  having  similar  appearances  and 
structure.  It  lies  along  radii  different  from  the  original 
primary  xylem  masses,  and  identical  with  the  radii  of 
the  primary  phloian. 
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e.  The  sevondanj  xi/lem,  forming  the  secondary  tliickening 
of  the  fibro-vascular  system,  and  consisting  of  a more 
or  less  continiioiTS  hand ; however,  distinguishable  into 
four  Avedge-sliaped  masses,  cdteniafiiig  with  the  four 
masses  of  primary  xylem. 

f.  Radiating  bands  of  parenchymatous  tissue,  separating 
the  four  masses  of  secondary  xylem,  and  lying  in  the 
same  radii  with  the  four  primary  xylem  masses. 

<j.  Primary  xylem  masses,  having  their  original  position. 

h.  The  central  medulla. 


V.  Cut  thin  longitudinal  sections  through  the  apex  of  thcr 
radicle  of  the  seed  of  Phaseolus. 

Observe  ; — ■ 

a,  The  structures  detailed  at  page  43. 

h.  Particularly,  note  that  there  is  no  separate  meristem 
for  the  calyptra,  and  that  all  the  meristematic  layers 
arise  from  a common  initial  zone. 


vi.  Cut  thin  longitudinal  sections  of  the  apex  of  the  radicle 
in  the  seed  of  Linum  or  Helianthus,  studying  your 
sections  with  a low  and  high  power.  Having  found  a 
median  section. 

Observe  ; — 

a.  The  dermatogen.  Trace  it  upwards,  and  note  that  it 
splits  into  two  layers.  Tracing  it  still  further,  it  : 
again  seen  to  split  into  two  layers,  and  so  on  repeatedly 
The  outermost  layers  thus  produced  become  the  tissue 
of  the  calyptra. 

The  calyptra  and  dermatogen  are  thus  seen  to  have 
a courmon  mitial  layer. 

b.  The  traced  upwards,  is  seen  to  take  origin 

from  a second  initied.  layer,  of  a single  row  of  cells 
distinct  from  the  dermatogen. 

c.  The  plerome,  traced  upwards,  is  also  found  to  arise 
from  a special  initial  group  of  cells,  distinct  from  the 
initial  layer  of  the  periblem.  (Cf.  Phareolun  and  Zea 
mais.) 

I 
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vi.  Structure  of  Leaves — Helianthus» 
&c. 

i.  Examine  a leaf  of  Helianthus. 

Observe  : — 

a.  Its  attachment  to  the  stem  by  a broad  sort  of  cushion — 
the  pulvinutf. 

b.  The  petiole,  grooved  on  its  ui^per  surface. 

c.  An  axillary  bud,  in  the  angle  between  the  stem  and 
the  petiole. 

d.  The  lamina,  broad,  flat,  pointed,  ovate  in  form.  Note — 
the  median  prominent  ridge  or  vein  on  its  lower 
surface  (inidrib) ; the  two  similar  lateral  veins  diverging 
from  the  median  one  near  its  base ; the  branching  of 
the  three  prominent  veins,  giving  rise  to  a network  of 
smaller  veins  in  the  general  substance  of  the  lamina 
{retieidated  venation), 

ii.  Cut  thin  transverse  sections  of  a petiole.  Mount  in 

glycerin,  and  examine  with  a low  and  high  power. 

Observe : — 

a.  The  outline  of  the  section,  grooved  or  concave  on  its 
upper  margin,  convex  on  the  lower. 

b.  The  epAdermis. 

c.  Stomata,  in  epidermal  layer. 

d.  The  eollenrliyma,  a thick  band  just  beneath  the 
epidermis. 

e.  The  general  a,  of  thin-walled  cells. 

/.  Isolated  fihro-vasndar  bundles,  arranged  in  a semicircle. 
No  bundle  sheath  can  be  distinguished  surrounding 
them.  Of  these  bundles  there  are  three  large  ones — 
one  in  the  centre  and  two  lateral  (corresponding  in  the 
lamina  to  the  three  main  veins).  In  addition,  there 
are  several  smaller  ones.  Note  the  structure  of  the 
bundles. 
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1.  Xi/Iem,  placed  towards  the  upper  or  concave  side 
of  tlie  petiole,  and  consisting  of  four  or  five  rows 
of  i'e88c/f<,  small  at  the  apex  of  the  xylem,  larger 
towards  the  phloem..  Between  the  rows  of  vessels, 
are  seen  several  rows  of  small  thin-walled  paren- 
chymatous reU8. 

2.  Phloihii,  placed  towards  the  convex  side,  made 
up  almost  entirel}'"  of  soft  bast,  chiefly  parenchy- 
matous cells,  with  a few  sieve  tubes  scattered 
amongst  them. 

3.  Camhmm,  which  is  present  in  some  of  the  bundles 
if  the  petiole  is  not  old.  If  old,  no  cambium 
is  seen  ; so  that  the  bundles  are  at  first  oyen, 
afterwards  closed.  (Cf.  stem.) 

c].  The  absence  of  interfascicular  cambium.  (Cf.  stem.) 


iii.  Cut  thin  transverse  sections  of  the  lamina.  This  may  be 
done  by  using  material  that  has  been  hardened  in  spirit,  and 
holding  it  between  layers  of  elder-pith,  or  by  folding  the 
leaf  and  cutting  several  layers  at  the  same  time.  Take 
care  that  your  sections  pass  transversely  through  one  of  the 
three  large  veins.  Examine  Avith  low  and  high  powers. 


Observe  : — 

a.  The  midrib,  consisting  of  a mass  of  thin-walled  |Aaren- 
chyma,  causing  a projection  on  the  lower  surface  of  the 
lamina.  In  it,  note  the  large  central  fibro-vascular 
bundle,  and  one  or  two  smaller  lateral  bundles.  Note 
also,  the  same  structure  and  position  of  the  parts  of  the 
bundles  as  seen  in  the  petiole. 

b.  The  thinner  general  tissue  of  the  lamina.  In  it,  make 
out  the  following  parts  : — 

1.  Upper  layer  of  epidermis,  provided  Avith  a cuticle 
and  giving  attachment  to  numerous  hairs.  It 
possesses  stomata  Avith  guard  cells. 

2.  The  mesophyll,  made  up  of  tAvo  kinds  of  chloro- 
phyll-containing parenchymatous  tissue ; pallisade 
parenchyma  near  the  upper  layer  of  epidermis, 
and  more  loosely  arranged  spongy  parenchyma 
deeper  in  the  leaf. 
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3,  Small  fihro-vascular  hundlet^,  variously  cut  in  the 
section ; some  obliquely,  some  longitudinally, 
some  transversely.  They  lie  mostly  about  the 
middle  of  the  sections,  in  the  mesophyll.  Some, 
of  them  consist  only  of  one  or  two  spiral  vessels. 

4.  The  lower  layer  of  e2ndermis,  having  stomata  and 
hairs. 


iv.  Study  the  structure  of  the  lamina  in  sections  of  the  leaf  of 

Laurel. 

Observe  : — 

a.  The  same  general  arrangement  of  tissues  as  seen  in 
Helianthus. 

h.  The  thicker  cuticle. 

c.  Absence  of  stomata  in  the  upper  layer  of  epidermis  ; 
large  numbers  in  the  lower  layer.  {See  structure  of 
stomata  at  page  22.) 

V.  Strip  off  and  mount  in  glycerin  the  epidermis  from  the 
upper  and  lower  surfaces  of  the  leaf  of  Laurel. 

Observe  : — 

Absence  of  stomata  in  former,  their  presence  in  the 
latter.  {See  page  22.) 

N.B. — The  upper  and  lower  surfaces  of  the  leaves  and 
the  tissue  near  these  surfaces  present  different  arrangements 
and  structures.  In  the  following  leaf  the  two  surfaces  are 
alike. 

vi.  Cut  thin  transverse  sections  of  the  leaf  of  DianttlUS 
caryophyllus.  Examine  in  glycerin  with  a high  power. 

Observe  : — 

a.  The  upper  epidermis^  a single  layer  of  cells,  free  from 
chlorophyll  grains.  I*fote  the  thick  stratified  cuticle. 

h.  The  very  numerous  and  distinct  stomata,  each  having 
two  small  depressed  guard  cells,  with  thickened 
stratified  walls. 


The  mesojdiijJJ,  made  up  of- 
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1.  Upper  layer  of  parenchyma,  composed  of  cells 

arranged  in  a more  or  less  fashion,  and 

containing  mnch  chloroplujll.  Note  the  large 
intercellnlar  spaces  into  which  the  stomata  open. 

2.  A mvhlle  Icujer  of  mesophyll,  consisting  of  large 

rounded,  loosely-arranged,  parenchyma, 

containing  much  less  chlorophyll  than  1. 

3.  A lower  layer  of  parenchyma  exactly  similar  to  1. 
1 and  3 can  be  shown  to  be  continuous  by  tracing 
them  towards  the  maro-in  of  the  leaf. 

O 

d.  Fibro-va.'tridar  bundles,  lying  in  the  central  layer  of 
mesophyll,  and  each  consisting  of  a layer  of  hard  bast 
towarils  the  lower  surface  of  the  leaf,  then  several 
layers  of  cells  forming  soft  bast,  and  consisting  chiefly 
of  parenchyma,  then  a layer  or  two  of  xylein  fibres, 
and  nearest  to  the  upper  surface  of  the  leaf  a mass  of 
spiral  and  annular  vessels. 

e.  The  lower  epidermis,  precisely  similar  to  the  upper. 


vii.  General  Morphology  of  Leaves. 

A.  Kinds  of  Leaves. 

i.  Examine  with  the  naked  eye,  and  dissect  a bud  from  the 
termination  of  a branch  of  uEsculus  or  Acer.  It  is 
found  in  spring. 

Observe : — 

a.  The  main  axis  of  the  bud,  bearing  young  foliage  leaves, 
the  whole  being  covered  externally  by — 

b.  Brown,  thin,  imbricated  scales.  These  are  cata- 
phyllary  leaves,  and  fall  off  as  the  bud  expands. 
They  arc  the  lowest  and  first  formed  leaves  of  each 
annual  shoot. 

ii.  Exaniine  the  ordinary  foliage  leaves  of  Helianthus  or 
other  type.  They  have  buds  or  branches  in  their  axils. 

iii.  Examine  the  floral  region  of  Helianthus. 

Observe  : — 

a.  The  ring  of  green  leaves  which  surrounds  the  expanded 
flower-head  and  forms  what  is  called  an  involucre. 
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h.  On  cutting  a longitudinal  section  through  the  flower- 
head,  there  are  seen  numerous  small  scale-like  bodies 
in  whose  axils  the  flowers  are  situated. 

Both  of  these  are  hracts,  or  hypsophyllary  leaver?. 
Such  leaves  are  usually  found  in  that  part  of  the 
plant  which  bears  the  flowers,  and  the  pedicels  of  tlie 
flowers  arise  from  the  main  axis  in  their  axils. 

iv.  The  leaves  Avhich  compose  the  various  rings  of  members  in 
the  Jloioer  are  a fourth  kind  of  leaves,  which  may  be 
distinguished  under  the  name  of  floral  leaves. 

B.  Forms  of  Leaves. 

Examine  with  the  naked  eye  the  leaves  from  various 

types,  making  out  the  characters  mentioned  in  each  case. 

i.  In  some  cases  the  leaf  consists  of  petiole  and  lamina  only — 

Helianthus. 

ii.  In  a few  cases  there  is  superadded  a sheath^  situated  at  the 
base  of  the  petiole,  and  embiacing  the  stem  for  some 
distance — various  Umbelliferse. 

iii.  There  may  be  added,  also,  a ligule — a small  outgrowth  seen 
in  GrasSOS,  and  occurring  at  the  junction  of  the  sheath 
and  lamina. 

iv.  Sometimes  the  petiole  is  absent — sessile.  Sodum  acr©. 

v.  Occasionally  the  leaf  sheath  becomes  modified  into  hvo 
“ leaf-like  ” structures  at  the  base  of  the  true  leaf — 

Vicia  faba. 

\i.  The  venation,  or  arrangement  of  “veins”  varies. 

a.  Pinnate,  Avhen  secondary  “ veins  ” are  given  ofit  regu- 
larly from  both  sides  of  the  midrib,  like  the  barbs  of 
a feather— -FagUS  (Beech). 

h.  Palmate,  Avhen  the  “ vein  ” entering  the  leaf  blade 
divides  at  once  into  several  equal  and  diverging 
“ veins  ” — Hodera  helix. 

c.  Reticulated,  Avhen  the  “veins”  frequently  anastomose — 

Helianthus. 

d.  Parallel.  Several  “ veins  ” run  nearly  straight  along 
the  blade — Zea  mais. 


127 


vii.  The  form  of  the  lamina  presents  endless  variations,  of 
which  the  following  are  some  of  the  most  important : — 

a.  Simple,  when  the  lamina  is  either  undivided  or 
imperfectly  segmented. 

1.  Cordate— of  those  of  Helianthus. 

2.  Lanceolate — Cheiranthus. 

3.  Ovate — leaflets  of  Rosa  canina. 

4.  Sagittate. 

5.  Acicular — Pinus. 

6.  Linear — Grasses. 

7.  Ohovate. 

8.  Orhindar. 

9.  Ohcordate — leaflets  of  Oxalis. 

10.  Peltate — Nasturtium. 

h.  Compound,  when  the  lamina  is  divided  completely 
into  secondary  laminm  connected  by  secondary  petioles. 

1 . Pinnate — Pisum  sativum. 

2.  Ternate — Trifolium. 

3.  Palmate — iEsCulus. 

viii.  Sometimes  the  leaf,  or  a |)art  of  the  leaf,  takes  the  form  of 
tendrils,  e.g.,  Pisum,  where  the  upper  leaflets  of  the 
pinnate  compound  leaf  take  this  form. 

ix.  The  texture  of  the  leaf  is  various. 
a.  Herbaceous — Helianthus. 

1).  Coriaceous — Prunus  lauro-cerasus. 
r.  Fleshy — Sedum  acre. 

X.  The  form  of  the  leaf  in  the  Imd  (vernation),  presents 
the  following  varieties,  which  can  be  made  out  by  cutting 
transverse  sections  of  the  bud  : — 

CL  Cond.uplicate,  when  the  two  halves  are  folded  inwards 
from  the  midrib — Vicia  faba. 

Ij.  Plicate,  when  the  leaf  is  thrown  into  numerous  longi- 
tudinal folds — Fagus. 
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c.  Crumpled,  when  the  leaf  is  folded  in  any  direction — 
pefals  of  Papaver. 

d.  Involute,  when  the  margins  of  the  leaf  are  curved 
inwards  towards  the  midrib — Pyrus  malus  (Ap})le). 

fi.  Revolute,  when  the  margins  of  the  leaf  are  curved 
outwards  towards  the  midrib. 

/.  Convolute,  when  the  whole  leaf  is  rolled  uj3  from  the 
margin  so  as  to  form  a coil — PrunuS  avium  (Cherry). 

//.  Circinate — Ferns. 

C.  Arrangement  of  Leaves. 

Examine  and  make  out  the  various  arrangements  of  leaves 

in  the  following  types  : — ■ 

i.  Arrangement  of  leaves  on  the  stem  (phyllotaxis). 

a.  Wlwrled,  when  several  leaves  spring  from  the 
same  node.  Best  seen  in  typical  cyclic  flowers 
{vide  infra).  Spurious  whorls  may  be  produced 
in  two  ways — when  several  internodes  are  either 
very  short  or  suppressed ; and  when  the  stipules 
are  large  and  conspicuous,  and  in  every  way  like 
the  true  leaves,  except  in  not  having  branches  in 
their  axils,  e.g.,  various  species  of  Galium. 

h.  Opposite,  when  two  leaves  spring  from  one  node 
on  opposite  sides  of  the  stem.  Yarious  Labiates. 

c.  Decussate,  wdien  two  opposite  leaves  at  one  node 
alternate  with  those  at  the  node  above  and  below. 

Lamium  album. 

d.  Scattered,  when  only  one  leaf  springs  from  each 
node.  When  this  is  the  case,  the  lateral  distance 
of  the  insertion  of  one  leaf  from  the  next,  mea- 
sured on  the  circumference  of  the  stem,  is  called 
the  divergence.  This  divergence  is  usually  con- 
stant in  any  given  type.  A line  can  be  drawn 
through  the  points  of  insertion  of  the  leaves  in 
succession,  and  will  be  found  to  pass  round  and 
round  the  stem  in  a spiral  manner.  Such  a line 
is  called  the  genetic  spiral.  If  the  divergence  be 
constant,  it  is  clear  that  if  we  trace  the  spiral  for 
some  considerable  distance  up  the  stem,  we  shall 
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come  to  leaves  wliicli  lie  in  the  same  vertical  line- 
on  the  surface  of  the  stem  as  leaves  lower  down. 
A certain  nimiher  of  such  vertical  rows  of  leaves, 
varying  according  to  the  divergence,  can  usually 
be  distinguished.  These  are  called  orthustirlties. 

If,  in  tracing  a genetic  spiral,  we  find  that  every 
fourth  leaf  is  in  the  same  orthostichy  as  the  leaf 
we  started  from,  then,  obviously,  in  each  spiral 
turn  three  leaves  are  included,  and  the  divergence 
is  one-third  of  the  circumference  of  the  stem.  The 
phyllotaxis  is  then  said  to  be  one-third.  Simi- 
larly, if  we  find  it  necessary  to  pass  twice  round 
the  stem  before  coming  to  a leaf  in  the  same 
orthostichy  with  that  from  which  we  started,  and 
if  five  leaves  are  included  in  these  two  turns  of 
the  spiral,  then  the  divergence  is  two-fifths.  This 
divergence  is  by  far  the  most  common.  Other 
divergences,  e.g.,  one-half,  three-eighths,  five- 
thirteenths,  &c.,  occur. 

Examples  of  two-fifths  phyllotaxis  = Pyrus 
malus,  Quercus  robur,  Rosa,  &c. 

ii.  Arrangement  of  leaves  in  the  hud — prefoliation,  or,, 
in  the  case  of  the  floral  leaves,  aBStivation. 

a.  Imbricate  prefoliation.  This  is  applied  to  the  case 
in  which  the  leaves  overlap  each  other  at  their 
edges. — Scale  leaves  in  most  buds. 

h.  Valvate  prefoliation.  When  the  leaves  in  the 
bud  do  not  overlap  each  other,  but  their  edges, 
which  may  be  revolute,  involute,  &c.,  only  meet — 
corolla  of  Syringa  (Lilac),  Vitis,  &c. 


viii.  Varieties  of  Inflorescences. 


The  inflorescence  is  the  portion  of  the  plant  which  consists, 
of  that  part  of  the  primary  or  secondary  axis  which  bears 
flowers  in  the  axils  of  certain  special  leaves  or  bracts. 
The  varieties  of  inflorescences  are  distinguished,  in  the- 
main,  according  to  the  mode  of  branching  of  the  stem  in 
the  floral  region. 


Dichotomous  branching  in  connection  with  inflorescences 
is  very  rare,  all  the  chief  varieties  being  founded  on  the 
monopodial  system  of  branching. 
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A.  Racemose  inflorescences, 
i.  Examine  the  inflorescence  of  PlantagO  major. 
Observe  : — 

a.  The  main  axis  of  the  inflorescence  or  racliis. 
h.  The  bracts,  in  whose  axils  are  found — 
c.  The  floioers  : eacli  is  sessile. 

Such  an  inflorescence  is  called  a spike. 


ii.  A variety  of  spike  is  afibrded  by  the  inflorescence  of 
Arum  (a  Monocotyledon),  which  differs  from  the  spike  in 
having  a fleshy  axis  and  in  possessing  a large  sheathing 
bract  enclosing  the  rachis  and  flowers.  It  is  known  as  the 

spadix. 

iii.  Examine  the  inflorescence  of  Cheiranthus  cheiri. 
Observe  : — 

a.  The  rachis,  bearing  bracts. 

b.  The  flowers,  in  the  axils  of  the  bracts.  They  are  not 
sessile,  but  have  moderately  long  pedicels. 

This  inflorescence  is  known  as  the  raceme,  and 
is  very  common. 


iv.  Examine  the  inflorescence  of  Conium  maculatum. 

Observe  : — 

a.  The  rachis  and  bracts. 

b.  The  large  number  of  secondary  axes,  springing  close 
together  from  a very  abbreviated  part  of  the  main 
rachis. 

c.  Each  of  the  secondary  axes,  again,  bears  at  its  summit 
a large  number  of  flowers  with  long  pedicels,  springing 
close  together  from  the  abbreviated  part  of  the 
secondary  axes. 

This  kind  of  inflorescence  is  the  umbcl,  that  one 
described  being  a compound  umbel. 
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V.  Exiiinine  the  inflorescence  of  HeliantllUS. 

Observe  ; — 

a.  The  very  much  shortened  and  expanded  summit  of 
the  main  axis,  forming  a disk. 

h.  The  involucre  of  bracts,  surrounding  the  disk  at  its 
margins. 

c.  The  densely  crowded  jloivers,  at  the  summit  of  the 
expanded  disk.  Each  flower  consists  of  a very  short 
axis  hearing  the  floral  leaves  at  its  summit. 

(1.  Small  Iracteoles,  lying  between  the  flowers,  and  in 
whose  axils  the  flowers  have  been  developed. 

Such  an  inflorescence,  having  a very  abbreviated 
axis  and  densely  crowded  flowers,  is  known  as  tlie 

capitulmn. 

wi.  A variety  of  spike  found  amongst  the  Grasses  (Monocoty- 
ledons) consists  of  a main  rachis  bearing  secondary  axes, 
each  of  which  is  a simple  spike. 

This  inflorescence  is  a compound  spike. 

vii.  Examine  the  inflorescence  of  Ranunculus  acris. 
Observe  : — 
a.  The  rachis. 

h.  Branches  of  the  rachis,  which,  instead  of  terminating 
in  a single  flower,  again  branch  and  bear  flowers  on 
the  branches.  ^ 

This  is  an  example  of  a compound  raceme  or 
panicle. 

viii.  Examine  the  inflorescence  of  Chrysanthemum  par- 
thenium. 

observe  : — 

That  it  consists  of  a number  of  capitula,  like  those  of 
HeliantllUS,  arranged  in  a raceme.  This  is  an  instance 
of  a heterogeneously  compound  inflorescence,  and  may 
be  called  the  capitulate  raceme. 

B.  Cymose  inflorescences.  These  are  produced  when  the 
main  axis  terminates  in  a flower  and  bears  branches  just 
below  its  apex,  each  of  which  ends  in  a flower,  but  grows 
more  vigorously  than  the  main  axis,  and  again  repeats  tliis 
mode  of  branching. 
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ix.  Examine  the  inflorescence  of  Hypericum. 

Observe ; — 

a.  The  main  axis  or  racliis  .ending  in  a flower,  beneatli 
which  are  seen — 

}>.  Branciies,  each  again  ending  in  a single  flower,  and 
giving  off  other  brandies  which  repeat  this  arrange- 
ment. 

This  kind  of  inflorescence  is  called  the  cyme. 

X.  A variety  of  cyme,  in  which  the  lateral  branches  of  the 
successive  ramifications  occur  always  on  the  same  side  of 
the  inflorescence,  or  are  more  strongly  developed,  always  on 
one  side,  occurs  sometimes,  though  not  commonly.  It  is 
called  the  helicoid  Cyme. 

xi.  A third  variety  of  cyme,  in  which  successive  lateral 
branches  occur  on  alternate  sides  of  the  inflorescence,  is  also 
found  sometimes,  e.//.,  Atropa  belladonna.  It  is 
called  the  scorpioid  cyme. 

N.B. — Some  inflorescences,  which  at  first  sight  appear 
to  be  cymes  of  one  of  the  last  two  varieties,  are  not  really 
so,  but  are  unilateral  racemes. 


ix.  The  General  Structure  of  the 
Flower. 

i.  Examine  the  flowers  of  Ranunculus  acris,  by  re- 
moving seriatim  the  various  parts  of  the  flower,  and  by 
making  longitudinal  sections,  using,  when  needed,  the 
simple  microscope  or  a pocket  lens. 

Observe : — ■ 

a.  The  calyx,  or  outer  layer  of  leaves,  made  up  of  five 
sepals.  N ote  the  form  and  colour  of  the  sepals.  Each 
is  separate  from  its  neighbours  {eleiLtlicrosepalous) ; the 
calyx  is  also  inferior. 

1).  The  corolla,  the  most  conspicuous  part  of  the  flower,, 
consisting  of  five  (sometimes  more)  petals,  alternating 
with  the  sepals.  They  are  eleutheropetalous  and 
h yporjynous. 
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The  androsciuw , consisting  of  an  indefinite  niunher  of 
each  separate  from  the  rest  {polijaiKhmix),  and 
inserted  beneatli  the  next  partof  the  fiower  (hupompious). 
Note  that  each  stamen  is  made  up  of  a filament  or 
stalk,  bearing  an  anther  at  its  summit. 

d.  TXiQfiiimvciuw,  consisting  of  a large  number  of  separate 
and  distinct  carpels  (ajwcarpous).  Each  carpel  con- 
sists of  a single  carpellary  leaf,  folded  over  to  enclose 
a cavity  (the  ovanj).  There  are  thus  as  many  ovaries 
as  there  are  carpels.  Surmounting  each  carpel  is  a 
stigma,  upon  which  the  pollen,  produced  in  the 
stamens,  falls.  The  whole  gynoecium  is  superior. 
Ill  each  carpel,  note  the  single  omde. 

e.  The  dish,  torus,  or  thalamus,  consisting  of  the  convex 
termination  of  the  floral  axis,  and  upon  which  the 
series  of  loaves  described  above  are  inserted.  Care- 
fully note  the  relative  positions  of  the  various  kinds 
of  floral  leaves  at  their  attachment  to  the  torus. 

ii.  Examine  in  the  .same  way  the  flower  of  Ch.6irailtllUS 
cheiri  (AYallflower). 

Observe : — 

a.  The  calyx,  made  up  of  two  rings  of  sepals,  having  tico 
sepals  in  each  ring.  Note  that  the  two  sepals  in  the 
inner  ring  alternate  with  those  of  the  outer  ring. 
Each  sepal  is  separate  from  its  neighbours  {eleuthero- 
sepalous)  ; each  is  also  inferior. 

h.  The  corolla,  made  up  of  one  ring  of  four  petals. 

They  alternate  ivitli  the  four  sejials,  are  eleuthero- 
peialous,  and  hypogynous. 

c.  The  andrmcium,  consisting  of  six  stamens.  Two  of 

these  form  an  outer  ring  or  whorl,  and  are  opposite  the 
two  inner  sepals.  The  other  four  form  a second 

whorl,  and  are  opposite  the  four  petals.  The  latter 
four  are  longer  than  the  other  two  {tetrad ynamous). 
Each  stamen  is  hypogynous  and  free  {hexandrous). 

d.  The  gynoecium,  consisting  of  two  carpels  united 

together  {syncarpous).  In  position  they  are  opposite 
to  the  two  outer  stamens.  The  gynoecium  is  free 

<>from  all  other  parts  of  the  flower  {siqyerior).  Sur- 
mounting the  gynoecium,  note  the  short  style  and 
the  bilobed  stigma  at  its  summit.  In  the  gynoecium 
note — 
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1.  Two  ovaries,  or  chambers,  separated  by  a mem- 
brane, not  formed  of  the  incurved  margins  of 
the  carpels,  but  by — 

2.  A false  dissepiment,  or  replum. 

3.  The  two  rows  of  ovules  in  each  ovary,  attached 
to  the  incurved  margins  of  the  carpels  {parietal 
marginal  plaeentation). 

These  two  types  serve  to  illustrate  that  division  of  the 
Dicotyledons  known  as  Thalamijiorce,  and  have  these 
characters  in  common  : — 

1.  Eleutheropetalous  corolla. 

2.  Hypogi/nous  petals  and  stamens. 

3.  Superior  gynoecium. 

iii.  Examine  in  the  same  way  the  flower  of  Pisum  sativum 
(common  garden  Pea). 

Observe  : — 

a.  Calyx,  consisting  of  five  sepals  in  one  ring,  confluent 
at  their  base  {gamosepalons),  so  as  to  form  a green 
cup-like  structure.  At  their  base  they  are  attached 
to  the  margins  of  a concave  receptacle,  but  are  still 
inferior. 

b.  Coi'olla,  having  an  irregular  form,  butterfly-like  {papi~ 

lionaceous),  made  up  of  five  petals,  an  upper  one  very 
large  and  expanding  over  the  others  (vexillum). 
Laterally,  two  small  ones  having  a stalk  (alee). 
Inferioiiy,  two  oval  petals  loosely  united  in  the  middle 
line  {earina).  The  corolla  is  inserted  on  the  margins 
of  the  concave  receptacle  {perigynous)  and  is  (excejDt 
the  inferior  two  eleutheropetalous. 

r.  The  androecium,  consisting  of  a ring  of  ten  stamens. 
]S"inc  of  these  are  united  together  below  by  their 
filaments,  whilst  their  anthers  are  free.  The  tenth 
stamen  is  separate  from  the  rest.  Hence  the  stamens 
are  in  two  bundles  {diadelplious).  They  are  inserted 
on  the  margins  of  the  concave  receptacle  {perigynous). 

d.  The  gynoecium , consisting  of  a single  carpellary  leaf, 
folded  over  so  as  to  enclose  the  ovary.  It  is  apocarpous 
and  superior.  In  the  carpel,  note  the  ovuks  attached 
along  the  ventral  suture  {parietal). 

e.  The  small,  shallow  concave  receptacle,  from  the  centre 
of  which  the  gynoecium  springs. 
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iv.  Examine  in  the  same  way  the  flower  of  Rosa  canina 
(Dog-Kose). 

Observe  : — 

a.  Calyx — five  sepals,  cjamosopalnus^  infenor,  attached 
to  the  margins  of  the  very  distinct  hollow  receptacle. 

h.  Corolla,  very  conspicuous,  consisting  of  five  eleuthero- 
petalous  petals — regular — perigiinou^<. 

c.  Tl\e  androenmn,  consisting  of  several  whorls  cf  sta- 
mens, altogether  a very  large  number.  They  are  all 
separate  from  each  other  {polyawlrous),  and  are  in- 
serted on  the  margins  of  the  concave  receptacle 
( perif/pioutt). 

d.  The  gyna’cium,  consisting  of  several  carpels,  enclosed 
within  the  hollow  receptacle.  They  are  ajDocarpoio^ 
and  superior.  Eacli  has  a very  distinct  long  stijle, 
terminated  by  a knob-like  stigma.  In  each  is  a single 
ovule. 

e.  The  holloir  receptade,  broad  below,  narrow  at  the 
summit.  Later  on,  this  becomes  thick  and  succulent, 
and  encloses  the  fruits. 

These  two  types  are  selected  to  illustrate  the  characters 
of  that  division  of  Dicotyledons  called  the  Calyciflorce^ 
and  have  the  following  common  characteristic  features — 

1.  Eleutheroj)etalous  corolla. 

2.  Perigynous  corolla  and  androecium. 

3.  A concave  receptacle. 

V.  Examine  in  the  same  way  the  flower  of  Primula  vulgaris 
(Primrose). 

Observe  : — 

a.  Calyx,  green,  gamosepalous  and  inferior. 

b.  The  corolla,  conspicuous,  consisting  of  a tube,  spread- 
ing out  at  its  summit  into  a disk,  divided  into  five 
parts  (petals).  It  is  therefore  gamopetalous.  The 
tube  is  hypogynous. 

c.  The  androecium,  consisting  of  five  stamens,  attached 
within  the  tube  of  the  corolla  to  the  petals  (epi^Malous). 
Each  stamen  is  opposite  a petal.  In  some  flowers  the 
stamens  are  found  about  halfway  up  the  tube  of  the 
corolla  ; in  others,  near  the  summit  of  the  tube.  Each 
stamen  is  distinct  from  the  others  (pentandrous). 
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<1.  The  (jijntenum^  consisting  of  a globular  body  at  the 
bottom  of  the  tube  of  the  corolla  (the  ovary),  sur- 
mounted by  a long  rod-like  dylo,  at  whose  summit  is 
a rounded  diyma.  The  gynoecium  is  really  made  up 
oi  five  carpels  ; but  on  cutting  a transverse  section  of 
the  ovary,  only  one  cavity  is  seen.  In  this  cavity  is 
found  a central  mass  of  tissue  (the  a.x'is*  of  the  flower) 
forming  a free  central  axial  iilarenta,  on  which 
numerous  lateral  ovules  are  seen.  The  gynoecium  is 
eyncar]ious  and  superior. 


wi.  Examine  in  the  same  way  a fioioer-liead  of  Heli- 
anthus. 

Observe : — 

a.  The  capitate  inflorescence  {see  page  131). 

h.  The  fiorets  of  the  ray,  consisting  of  the  expanded, 
liyulate,  conspicuous  florets  found  in  the  peripheral 
parts  of  the  flower-head. 

c.  The  fiorets  of  the  disk,  consisting  of  the  central 
smaller  tubular  florets. 

d.  The  involucre  of  bracts. 

4 

vii.  Examine  carefully  one  of  the  florets  of  the  disk. 

Observe : — 

a.  The  short  floral  axis,  attached  to  the  expanded  summit 
of  the  stem  in  the  axil  of  a bract,  and  bearing  the 
floral  leaves. 

b.  The  calyx,  consisting  of  a ring  of  very  minute  sepals 
at  the  summit  of  the  “ inferior  ovary.”  It  is  therefore 
superior. 

c.  The  corolla,  conspicuous,  consisting  of  a tube,  attached 
below  to  the  summit  of  the  ovary  (epiyynous),  and 
having  five  teeth  at  its  margin.  This  shows  that  it  is 
made  up  of  five  united  petals  {yainopetal ous). 

d.  Tire  andrmcium  (seen  on  splitting  open  the  tube  of 
the  corolla).  It  consists  of  five  stamens,  attached 
within  the  tube  of  the  corolla  to  the  united  petals 
(epripjetalous).  Note  in  each  stamen,  the  short  filament 
and  the  large  elongated  anther.  The  anthers  of  the 
five  stamens  are  loosely  united  together  {spnije?iesious) 
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e.  The  (H/naicinm,  inil)cildc(l  iii  the  upper  part  of  tlio 
axis  of  the  tlowcr,  and  indistinguishable  from  it 
(inferior).  The  cavity  seen  in  this  situation  is  thr 
wiiJ ocular  ovary,  and  is  by  inference  regarded  as  con- 
sisting of  two  carpels,  on  account  of  the  two  stigmas. 
It  contains  a single  ovule.  Passing  upwards  from  the 
summit  of  the  ovary  is  a long  hliform  dijle,  enclosed 
by  the  tube  of  the  corolla  and  by  a tube  formed  of 
the  syngenesious  anthers.  It  is  divided  into  two  at 
its  summit,  the  two  parts  being  the  two  stigmas.  The 
gyncecium  is  sijnrarpous. 

N.B. — The  Primula  and  Helianthus  are  types  of  that 
division  of  Dicotyledons  known  as  the  Coral lijiorce,  which 
have  the  common  character  of  possessing  a ga^nopetaloas 
corolla.  (Cf.  Thalamifloriu  and  Calyciflorae.) 


viii.  For  each  of  the  above  flowers  fill  up,  as  far  as  you  can,  a 
table  on  the  plan  of  the  following  : — 


Primula  vulgaris. 

No. 

Cohesion. 

Adhesion. 

Peculiarities. 

Calyx 

sepals 

) > 

gamosepalous 

inferior 

regular. 

Corolla 

2>etaJs 

} * 

gamopetalous 

hypogynous 

regular. 

Androecium 

stamens 

} ® 

pentandrous 

epipetalous 

( opposite  to 
( the  petals. 

Gyncecium 

carpels 

( > 

syncarpous 

superior 

unilocular. 

Ovules — several. 


Placentation — axial,  lateral. 


K 
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X.  The  Flower  (continued). — Floral  Diagrams 
and  Formulae. 

i.  Examine  with  the  naked  eye  the  general  character  of  the 
flower  of  Vicia  faba. 

Observe  : — 

That  you  can  divide  it  b}'’  a median  incision,  passing 
through  the  vexillum  and  the  carina,  and  bisecting 
the  ring  of  stamens  and  the  single  carpel,  into  tico 
Jateral  mjmmetrical  halves.  You  are  unable  to  divide 
the  flower  sy  in  metrically  except  by  this  incision.  Sncli 
a flower  is  called  zygomorphic,  or  monosym- 
metrical. 

ii.  Observe  the  same  fact,  by  examining  the  flower  of  Lamium 
album  (Deadnettle).  It  also  is  zygomorphic. 

iii.  Examine  the  flower  of  Geranium,  by  dissecting  it  and  liy 
cutting  it  longitudinally. 

Observe  : — 

a.  One  ring  of  flve  ralyHne  leaves  (sepals). 

h.  One  ring  of  five  alternating  rorolline  leaves  (petals). 

c.  Two  alternating  rings  of  staminal  leaves,  the  outer  one 
alternating  with  the  ring  of  corolline  leaves. 

d.  One  ring  of  five  carpeJlary  leaves,  united  into  a 
median  column  {synrarpous).  They  alternate  witli 
the  inner  ring  of  staminal  leaves. 

e.  Y^ou  can  divide  the  flower  into  symmetrical  halves  by 
sections  in  more  than  one  situation.  You  can  do  so 
by  any  one  of  jive  incisions.  Such  a flower  is  called 

actinomorphic,  or  polysymmetrical. 

iv.  Examine  the  flower  of  Oheiranthus  cheiri,  and  ol)ser\’e 
its  actinomorphic  character. 

v.  Remove  carefully,  in  order,  the  members  of  the  various 
rings  of  leaves  in  the  flower  of  Geranium,  fixing  tbein 
by  means  of  gum  or  by  pins  on  a large  sheet  of  paper,  in  a 
series  of  concentric  rings,  corresponding  to  the  natural  rings 
in  the  flower. 
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Observe  : — 

(i.  As  you  remove  the  parts  of  each  ring,  that  successive 
riuLi’s  form  u'liovls,  and  tliat  tlie  members  of  each 
whorl  are  distinct  from  adjacent  oiies. 

h.  The  members  of  successive  whorls  alternate  with  tliose 
of  the  whorls  immediately  internal  and  external. 

r.  The  arrangement  of  the  parts  of  the  flower  may  be 
represented  by  the  following  diagram  : — 


In  this  diagram  the  outer  ring  represents  the  calyx, 
the  next  the  corolla,  the  next  two  the  stamens, 
and  the  innermost  the  carpels. 


>1.  The  position  of  the  main  axis  of  the  inflorescence, 
with  respect  to  the  parts  of  the  flower.  It  is  repre- 
sented in  the  above  diagram  by  the  dot  outside  the 
outer  ring  at  the  upper  part.  A line  drawn  through 
this  dot  and  the  centre  of  the  diagram  represents  the 
median  plane  of  the  flower.  A line  passing 
through  the  centre  of  the  diagram  at  right  angles  to 
this  line  represents  the  lateral  plane.  Other 
lines  bisecting  the  right  angles  at  the  centre  of  the 
diagram  correspond  to  the  diagonal  planes  of  the 
flower. 
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e.  The  })arts  of  the  flower  lying  nearest  the  main  axis  are 
said  to  he  ivisterim'  in  position.  Those  farthest  from 
the  main  axis  are  said  to  be  anterior  in  position. 
Note  that  in  Geranium  there  is  a single  posterior 
sepal  and  a single  anterior  petal. 

N.B. — Such  a diagram  as  the  above  is  called  a floral 
diagram,  and  is  a very  convenient  way  of  expressing 
the  arrangement,  &c.,  of  the  parts  of  a flower.  Sometimes 
some  of  the  parts  of  a flower  are  suppressed,  and  the  posi- 
tion of  these  can  be  represented  by  a small  dot  where  they 
would  otherwise  be  found.  A diagram  of  this  kind  is 
called  a flieoretiral  duKjrain. 

vi.  Remo^'e  and  lay  out  in  the  same  way  the  parts  of  the 
flower  in  several  types  of  flowers,  in  each  case  con- 
structing a diagram  like  the  above,  taking  care  to  mark  the 
position  of  the  axis  and  of  the  planes  of  the  flower.  Work 
■sA'ith  Cheiranfhus,  Rosa,  Pisum,  Primula,  Linum,  and 
others. 

N.B. — All  flowers  which  are  constructed  on  this  plan, 
i.e.,  have  successive  luhorls  of  leaves,  are  called  cyclic ' 
flowers ; and  when  the  number  of  leaves  in  each  whorl  is 
the  same,  the  flower  is  said  to  be  eucyclic. 

vii.  Examine  careful  A the  flower  of  Ranunculus. 

Observe  : — 

That  the  successive  rings  of  leaves  (sepals,  petals,  &c.) 
are  not  arranged  in  whorls,  but  form  a continuous 
spiral  passing  unbroken  from  sepals  to  petals,  and 
from  them  to  stamens  and  carpels. 

Sucli  a flower  is  said  to  be  acyclic,  and  in  some 
such  cases,  e.(j.,  Nijmp)laea,  there  is  no  abrupt  line  to 
be  drawn  between  sepals,  petals,  stamens,  and  carpels, 
which  are  connected  together  by  a continuous  series  of 
intermediate  forms. 

viii.  It  is  sometimes  convenient  to  express  the  arrangement  and 
number  of  the  parts  of  a flower  by  what  is  called  a floral 
formula. 

Satisfy  yourself  that  the  following  represents  shortly  the 
characters  of  the  flower  of  Geranium 

K 5,  C 5,  A 5 -h  5,  G^. 

In  this K stands  for  calyx,  C for  corolla,  A for 
• androecium,  G for  gynoecium.  The  flgures  represent  the 
number  of  leaves  in  each  whorl,  and  the  figure  placed  above 
tlie  line  after  G shows  that  the  gynoecium  is  superior. 

Write  a floral  formula  of  this  kind  for  every  type  of 
flower  you  examine. 
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xi.  The  Andrcecium. 


i.  Examine  a stamen  from  tlie  mature  flower  of  Ranun- 
culus bulbosus  or  acris. 

Observe : — 

a.  The  filament. 

h.  The  anther,  a bilobed  structure  on  the  summit  of  the 
fllament. 

c.  The  pollen,  dust-like  material,  escaping  from  a longi- 
tudinal slit  in  the  anther. 


ii. 


Cut  thin  transverse  sections  of  a flower  bud  of  RanuU' 
cuius,  which  has  been  hardened  in  alcohol. 

Observe  ; — 


The  transverse  sections  of  the  anthers.  In  each  note — 


1.  The  bilobed  outline  of  the  anther. 

2.  The  large  cavities,  one  in  each  \ohe— -pollen  sacs. 

3.  Remains  of  a septum  in  each  cavity,  showing 
that  each  was  originally  made  up  of  two  pollen 
sacs. 

4.  The  connective  or  central  part  of  the  anther, 
between  the  two  lolies.  It  coiitains  a fibro- 
vascular  bundle. 

5.  The  (rail  of  the  pollen  sac,  made  up  of  three  layers 
of  cells — an  outer  epidermis,  a second  layer  of 
thick-walled  cells,  and  an  inner  one  of  delicate 
cells. 


6.  The  pollen  grains — some  in  the  pollen  sacs, 
others  in  the  surrounding  fluid. 

N.B. — The  pollen  sacs  represent  the  microsporangia,  and 
the  pollen  grains  the  microspores  of  the  higher  Vascular 
Cryptogamia. 
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iii.  J^lKaniine  the  ripe  pollen  of  Ranunculus,  in  glycerin, 
with  a high  power. 

Observe  : — 

1.  Outer  ccH  icaJJ. 

2.  Protoplai^mic  mnfjmU. 

3.  Glohular  furm. 

4.  Absence  of  a vegetative  cell.  (Cf.  Pinus.) 

iv.  hlxamine  the  ripe  pollen  of  Helianthus. 


Observe  : — 

a.  The  cell  9call,  with  external  spine-like  thickenings 
upon  it. 

h.  T\\e.  protopla.^m. 

c.  Absence  of  a vegetative  cell. 

V.  Cut  very  thin  transverse  sections  of  a flowering  head  of 

HGlianthus,  in  various  stages,  so  as  to  obtain  sections 

showing  the  development  of  pollen. 

Observe  : — 

a.  In  very  young  anthers,  a central  mass  of  laj’ge  cells 
occupying  the  lobes  of  the  anther,  two  masses  lying  in 
each  lobe.  These  are  the  mother-cells  of  the  pollen 
grains.  They  are  surrounded  by  the  wall  of  the 
anther,  made  up  of  three  layers  of  cells. 

b.  In  older  anthers,  the  division  of  the  mother-cells,  each 
into  four  daughter-cells.  As  these  daughter-cells  are 
being  produced  they  appear  to  become  surrounded  and 
separated  from  each  other  by  projecting  ingrowths  of 
cellulose  from  the  mother  cell  wmll.  The  wall  of  each 
daughter-cell  soon  appears  to  become  distinct  from 
that  of  the  mother-cell,  and  is  really  produced  by  the 
protoplasm  of  the  daughter-cells  during  the  process  of 
their  development.  Each  daughter-cell  becomes  a 
pollen  grain.  This  stage  is  much  more  easily  obtained 
than  the  first. 

e.  In  still  older  anthers,  the  gradual  separation  of  the 
four  daughter-cells,  the  absorption  of  the  mother-cell 
Avail,  and  liberation  of  the  pollen  grains. 
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vl.  Examine  carefull}'  the  ripe  stamens  of  the  following 
types,  directing  yonr  attention  to  the  way  in  which  the 
anther  lobes  split  so  as  to  allow  the  pollen  to  escape.  A 
pocket  lens  or  simple  microscope  Avill  he  re([iiired. 

Observe  ; — 

a.  In  Helianthus,  the  pollen  sacs  open  or  dehisce  by 
the  formation  of  longitudinal  slits  on  the  inner  surface, 
that  turned  towards  the  gynoecium.  This  is 
introrS6  dehiscence,  and  is  the  most  common. 

h.  In  Cheiranthus,  the  same  mtwrse  dehiscence  is 
found. 

c.  In  Ranunculus,  the  polleji  sacs  split  longitudinally 
by  an  aperture  on  the  external  surface  of  the  anthers 
(extrorse  dehiscence). 

d.  In  Erica,  the  pollen  sacs  open  by  small  pores  at  their 
summits  (porous  dehiscence).  In  Erica,  note  also 
the  filiform  appendage  projecting  outwards  from  the 
base  of  each  pollen  sac. 


vii.  Examine  the  andrcBcium  of  Hypericum. 

Observe  : — 

Five  hundles  of  stamens.  Each  bundle  consists  of 
many  filaments,  each  terminated  by  an  anther.  This 
condition  is  really  brought  about  by  the  branching  of 
live  originally  simple  stamens,  not  by  the  partial  union 
of  many  originally  separate  stamens.  This  is  often 
called  polyadelphous.  (Cf.  diadelphous  androecium 
of  Pisum.) 

Another  example  of  branched  stamens  is  afforded 

by  Ricinus. 

viii.  Examine,  by  means  of  a simple  microscope,  the  androecium 
of  Salvia  officinalis. 

Observe  : — 

a.  The  filament,  surmounted  by — 

h.  The  transversely  elongated  connective,  loosely  attached 
to  the  summit  of  the  filament,  where  it  forms  a kind  of 
liiih^e. 

O 


0 


144 

c.  At  one  extremity  of  tlie  connective  there  is  found  a 
perfect  pollen  mo  (i.e.,  one  half  of  the  anther),  con- 
taining pollen  ; and  at  the  other  or  lower  extremity  of 
the  connective  is  found  an  imperfect  pollen  sac,  often 
containing  no  pollen  at  all. 


ix.  When  the  anther  is  inserted  simply  at  the  summit  of  the 
filament,  ej/.,  Helianthus,  Ranunculus,  and  many 
others,  the  anther  is  said  to  be  innate. 

N.B. — Another  kind  of  anther — the  versatile  or  freely 
swinging  anther — is  found  most  commonly  amongst  Mono- 
cotyledons. 


xii.  The  Gyncecium. 

i.  Examine  the  gyncecium  of  Phaseolus  or  Vicia  faba, 
by  dissecting  the  flower,  and  by  longitudinal  and  transverse 
sections  viewed  with  a low  power. 

Observe  : — 

a.  Gyncecium  is  superior. 

h.  It  is  monocar  pell  ary  and  has  a single  ovary. 

c.  Ovules  are  attached  to  the  incurved  margins  of  the 
carpel  {parietal  maryinal  placentation). 

d.  Ovules  numerous. 

ii.  Examine  in  the  same  way  the  gyncecium  of  Ranunculus. 

Observe  : — 

a.  Gyncecium  is  superior. 

h.  It  consists  of  several  apocarpous  carpels. 

c.  Each  carpel  forms  an  ovary. 

d.  Ovules  are  attached  to  the  carpels. 

One  ovule  in  each  ovary. 


e. 
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iii.  Examine,  in  the  same  way,  the  gyncecium  of  Viola. 

Observe  : — 

a.  Gynceeium  is  mperior. 

/>.  It  consists  of  three  carpels,  united  at  their  margins 
(friwercms,  si/7icari>outf) . 
r.  There  is  one  ovary  (imilocular). 

(L  Ovules  are  attached  to  the  margins  of  the  carpels 
{parietal  m ai  '(jina  I ) . 

e.  Several  ovules  in  each  carpel. 

f.  Ovules  anatropous. 

iv.  Examine  in  the  same  way  the  gynoecium  of  Solanum 
dulcamara. 

Observe  : — ' 
a.  Gynoecium  is  sup)erior. 

h.  It  consists  of  two  syncarpous  carpels,  whose  margins 
are  incurved  so  as  to  reach  the  centre,  thus  dividing 
the  gynoecium  into — 

c.  Two  ovaries  (diiiterous^  hilocular). 

(I.  Several  anatrop)ous  ovules  attached  to  the  incurved 
margins  of  the  carpels  (so  called  axile,  hut  really 
parietal  marginal). 

V.  Examine  in  the  same  way  the  gynoecium  of  Poly- 
gonum, 

Observe  : — 

a.  Superior  gynoecium. 

h.  One  ovary  chamber  (really  composed  of  three  syn- 
carpous carpels).  It  is  therefore  triwerons  and 
tmilocular. 

f.  One  ovule,  erect,  orthotropous. 

(1.  It  is  attached  to  the  termination  of  the  floral  axis 
{axial  terminal  placentation). 

vi.  Examine  in  the  same  way  the  gynoecium  of  Primula. 

Observe  : — 

a.  Superior  gyncecium. 

h.  One-chambered  ovary  (really  composed  of  Jive  carpels, 
i.e.,  pentainerous,  unilocular). 
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r.  Ovules  attached  to  the  sides  of  a central  column,  a 
prolongation  of  the  floral  axis  {axial  lateral ; frw 
centra!  placentation). 

<1.  Several  anatroixMr  ovules. 

vii.  Examine  in  the  same  way  the  gynoecium  of  Helianthus. 

C)bserve  : — 

a.  The  gyncecium  is  inferior. 

h.  It  consists  of  two  carpels  (shown  by  tJie  biloheiJ 
stigma).  They  are  injnearpoiis. 

r.  There  is  one  chamber  in  the  ovary  {unilorulaVy 
(li)nerou^).  , 

(L  One  ovule  in  the  ovary.  It  is  apparent!}"  terminal — 
really  lateral.  It  is  anatropous.  Placentation,  axial 
lateral. 

viii.  Examine  in  the  same  way  the  gynoecium  of  Conium 
maculatum. 

Observe  : — 

a.  Inferior  gynoecium. 

h.  Two  syncarpous  carpels. 

e.  Two  ovary  chambers. 

d.  Single  pendulous  ovule  in  each  chamber,  anatropous  ; 
p>arietal  placentation. 

Table  showing  the  Varieties  of  Gyngecia. 

(i.)  Gynceciiun  superior. 

A.  Placentation  parietal. 

a.  Ovary  inonocarpellary. 

1.  One  ovary  in  the  flower  (Phaseolus). 

2.  Two  or  more  ovaries  {Ranunculus). 

b.  Ovary  })olycarpellary. 

1.  Ovary  unilocular  [Viola). 

2.  Ovary  niultilocular  [Solanum). 

1>.  Placentation  axial. 

a..  Ovule  solitary,  terminal  (Poli/gontnu). 
h.  Ovules  many,  latci'al  [Prim ala). 
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(ii.)  (lyiia‘i:inm  inferior. 

A.  Plaeentation  parietal. 

a.  Ovary  inultiloeular  [Coniwm). 

b.  Ovary  unilocular  (rare). 

1>.  Plaeentation  axial. 

a.  Ovule  or  ovules  lateral  {HcHanthus). 

b.  Ovule  terminal  (rare). 

ix.  Cut  thin  longitudinal  sections  of  a young  flower-head  of 
Helianthus.  Mount  in  glycerin,  and  examine  with 
low  and  high  powers,  directing  your  attention  to  the 

ovules. 

Observe  ; — 
a.  Solitary  ovule. 

h.  Its  structure — a fimirle  or  stalk,  adherent  to  the 
inverted  body  of  the  ovule  in  the  greater  part  of  its 
extent  {anatropons)  ; the  hexh/  of  the  ovule  made  up 
of  a central  mass  of  parenchymatous  cells,  the  nucellus, 
surrounded  by  two  integiunents,  each  several  layers  of 
cells  in  thickness, — these  cover  the  nucellus  at  all 
points,  except  a narrow  canal  at  the  summit  {inirro- 
pyle) ; in  the  nucellus  near  its  upper  part  is  a single 
large  cell,  the  eitthryo-me.  Jn  a thin  and  fortunate 
section  there  may  be  seen  in  the  embryo-sac — 

1.  One  or  two  large  vacuoles. 

2.  Granular  irvoto'plasm. 

3.  A laro-e  nucleus. 

O 

4.  Three  nucleated  cells  at  the  anterior  end  of  the 
sac,  \iz.,  the  oosphere,  covered  by  the  t'wo 
synenykhe. 

5.  At  the  posterior  end  of  the  sac,  there  are  also 
found  three  cells,  the  antipodal  cells. 

The  contents  of  the  embryo-sac  may  also  be 
studied  in  Viola  tricolor  or  Caltha  palustris  ; or  in 
Lilium  amongst  Monocotyledons. 

N.B. — The  ovule  represents  the  macrosporamyia,  and  the 
embryo-sac  the  macrospores  of  the  Vascular  Cryptogamia. 
ThQ  femede  protlicdhts  of  the  Vascular  Cryptogams  is  repre- 
sented by  the  antipodal  cells,  the  protoplasm  of  the 
embryo-sac,  and  the  endosperm  formed  suhse<p(ent  to 
fertilization. 
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X.  Take  a Hower  of  Capsella  bursa  pastoris,  in  which 
the  petals  have  just  fallen,  and  pick  out  the  ovules, 
mounting  in  glycerin.  If  they  are  not  sufficiently  trans- 
parent, treat  with  dilute  potash  and  mount. 

Observe : — 
a.  The  funide. 
h.  The  integuinents  (two). 

c.  The  rmcellns,  with  a very  large  ambryo-sac^  occuiDying 
its  greater  part. 

d.  The  form  of  the  ovule.  The  body  of  the  ovule  is  herd 
uiion  itself  (not  merely  inverted),  i.e.,  is  ranqyylotropuus. 
(Cf.  anatropous.) 

xi.  Dissect  out,  and  examine  in  the  same  way,  the  ovules  of 

Solanum  dulcamara. 

Observe  : — 

The  caiiii)ylotrop)ous  form  of  the  ovule. 

xii.  Dissect  the  gynoecium  of  Polygonum,  so  as  to  make  out 
the  characters  of  the  ovule. 

Observe  ; — 

The  07'thotro2JOus  ioim  of  the  ovule,  i.e.^  the  funicle  and 
body  in  the  same  vertical  line,  so  that  the  micropyle  is 
opposite  the  funicle.  (Cf.  anatropous  and  campylo- 
tropous.) 

xiii.  Make  out  the  placentation  of  the  ovules  in  the  gynoecia 
of  the  following  types.  This  can  be  done  by  cutting 
iransverse  and  longitudinal  sections. 

Phaseolus^ — r arietal  marginal. 

Butomus  (a  Monocotyledon) — parietal  superficial. 

Helianthus — axial  lateral. 

Primula — axial  lateral. 

Polygonum — axial  terminal. 
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xiii.  Fertilization  — Formation  and 
Structure  of  the  Embryo. 

i.  Cut  off  the  style  and  stigma  from  the  gynoecium  of  a 
flower  of  Datura  or  CEnothera.  Hold  it  between  two 
layers  of  elder-pith  and  cut  a series  of  longitudinal  sections. 
Mount  in  dilute  glycerin,  and  ol)serve  with  a low  and  high 
power. 

( Ibserve  ; — 

'a.  The  dif/rna,  made  up  of  thin-^yalled  cells.  Hote  the 
surface,  wliich  is  irregular  from  the  production  of 
numerous  short  hair-like  processes  (the  dig  mafic  hairs), 

h.  The  tissue  of  the  style,  more  or  less  loosely  arranged 
slightly  elongated  cells  forming  the  conducting  tissue 
of  the  style. 

c.  The  iiolJen  grains,  lying  upon  the  stigmatic  surface 
amongst  the  stigmatic  hairs. 

d.  The  pollen  tubes,  projecting  from  the  pollen  grains  and 
]-)enetrating  amongst  the  stigmatic  hairs,  and  for  a 
variable  distance  down  the  style. 

These  points  may  not  all  be  seen  in  every  section, 
and,  if  not  quite  clear,  they  may  be  made  more  obvious 
by  clearing  the  specimens  in  potash  or  allowing  them 
to  remain  in  glycerin  for  some  time.  Other  flowers 
may  be  used  for  the  same  i^urpose. 

ii.  Cut  transverse  sections  of  the  ovary  of  Viola  tricolor 
soon  after  the  fading  of  the  petals,  or  carefully  dissect  out 
the  ovules  of  Datura,  just  after  fading  of  the  petals. 
iMount  in  glycerin. 

Observe  : — 

The  pollen  hdjes,  lying  close  to  the  micropyle  of  the 
ovules,  or  with  their  extremities  within  the  micropyle 
and  in  contact  with  the  nucellus  of  the  ovule. 

N.B. — The  pollen  tube  is,  morphologically  and  physio- 
logically, equivalent  to  the  antherozooids  produced  by  the 
male  individual  of  the  oophore  generation  of  the  Vascular 
Cryptogamia. 
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iii.  Cut  thin  transverse  sections  of  the  ovary  of  Viola  tricolor, 
so  as  to  obtain  tlie  ovules  in  longitudinal  section.  Look 
with  a low  power  for  an  ovule  showing  tlie  emhryo-sac, 
then  study  witli  a high  power. 

Observe  : — 

The  production  of  eftylo^jx^ym  relU  in  the  parietal  layer 
of  protoplasm,  by  a process  of  free  cell-formation. 
{See  “ Reproduction  of  Vegetable  Cells.”) 

iv.  Study  the  flowers  of  Primula  vulgaris,  with  a \dew  to 
learn  the  circumstances  which  affect  the  conveyance  of 
pollen  from  the  anthers  to  the  stigmas. 

Observe  : — 

a.  The  corolla  of  the  flower  is  hrujld-roJourefl  and  eon- 
spiciums.  When  this  is  the  case  the  presumption  is  in 
favour  of  some  method  of  cross-fertilizatkm  by  the 
CKjenc])  of  wliich  are  thus  attracted  to  the 

flower. 

h.  Some  of  the  flowers  have  lojuj  styles,  the  stigma  lying 
at  the  level  of  the  spreading  part  of  the  corolla.  In 
these  flowers,  the  stamens  are  inserted  about  half-way 
down  the  tube  of  the  corolla. 

c.  In  about  an  equal  number  of  flowers,  the  positions  of 
the  stigma  and  stamens  are  reversed.  The  styles  are 
short  and  rise  to  about  the  level  of  half-way  up  the 
tube,  whilst  the  stamens  are  attached  to  the  summit 
of  the  tube. 

This  condition  is  called  heterostylism,  and  it  is 
obvious  that  the  pollen  of  each  of  the  long-styled 
flowers  cannot  reach  the  stigma  of  the  same  flower, 
and  it  is  experimentally  found  that  pollen  from  a 
short-styled  flower  is  incapable  of  fertilizing  a short- 
styled  gynoecium.  This  is  a contrivance  to  i^rerent 
self-fertilization.  Fertilization  in  this  case  is  by  insects, 
which  acrid  entail  y convey  the  pollen  from  the  short- 
styled  flowers  to  those  with  long  styles,  and  rice  rersa. 

V.  Study,  with  the  same  object  in  view,  the  flower-heads  of 

Chrysanthemum. 

Observe  : — ■ 

a.  The  whole  flower-head  forms  a large  conspicuous 
object,  attractive  to  insects. 
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1).  Tlie  outer  Horcts  are  ligulate  ami  femab\  tliere  bcung 
no  androeciiim  in  them. 

c.  The  inner  florets  are  tubular  and  herniaphroiliii'. 

>1.  If  the  flowers  are  in  the  luoper  stage,  there  will  be 
seen  iioumj  florets  in  the  eentre,  which  present  nearly 
ripe  anthers  projecting  from  their  summits.  Xext 
will  be  found  older  florets  having  similar  projecting 
anthers  discharging  their  pollen  ; and  more  externally 
still,  will  be  seen  florets  whose  anthers  have  discharged 
their  pollen,  and  whose  style  is  seen  projecting  with 
its  bilobed  stigma  from  the  centre  of  the  ring  of 
syngenesious  anthers.  Here  the  anthers  are  ripe 
before  the  stigma  of  the  same  flower  is  ready  to 
receive  the  pollen.  Obviously,  self-fertilization  is 
impossible.  Flowers,  in  which  the  stamens  are  ripe 
first,  are  said  to  be  protandrous. 

This  condition  is  very  common. 


vi.  Examine,  with  the  same  object  in  view,  the  inflorescence  of 

Plantago  major. 


Observe  : — 

a.  The  extremely  inconspicuous  condition  of  the  flowers, 
giving  presumptive  evidence  that  the  fertilization  ^s 
either  by  the  wind,  or  that  se//-fertilization  occurs. 

h.  The  flowers  are  in  different  stages  of  development  at 
the  upper  and  lower  parts  of  the  inflorescence.  When 
the  gynoecium  is  ripe  in  the  lower  flowers,  neither 
androecium  nor  gynoecium  is  ri])e  in  the  upjter  flowers. 
When  the  androecia  of  the  lower  flowers  are  ripe,  the 
gynoecia  of  the  upper  flowers  are  ripe  ; and  the  androecia 
of  the  upper  flowers  are  ripe  when  the  gynoecia  of  the 
lower  flowers  have  already  been  fertilized. 

Here  the  gynoecia  are  ripe  jirrt.  This  kind  of 
flower  is  called  proterOgynOUS,  and  self-fertilization 
is  obviously  impossible. 

It  is  obvious  also  that  the  lower  flowers  must  be 
fertilized  by  pollen  from  another  inflorescence,  whilst 
the  upper  flowers  maij  he  fertilized  by  polhm  from 
the  lower  flowers  of  the  rame  inflorescence. 
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vii.  Take  some  seeds  from  the  fruits  of  Capsella  bursa 
pastoris  in  various  stages  of  growth,  and  after  noting  the 
characters  mentioned  at  page  148,  crush  the  ovules  Ijy 
gently  pressing  on  the  cover  slip,  and  in  various  specimens 
make  out  the  stages  in  the  development  of  the 
embryo. 

Observe : — 

a.  Sfar/G  t.  An  elongated  row  of  cells  (susjxmsor)  ter- 
minated by  a single  globular  cell  {emhnjo  cell). 

h.  StmjG  a.  The  embryo  cell  divided  into  two  vertically. 

r.  Sta/je  Hi.  The  embryo  coll  divided  into  /bwr,  then 
into  eight.  When  divided  into  eight,  there  are  four 
upper  and  four  lower  cells. 

<!,  Stage  iv.  Subdivision  of  the  lower  four  cells,  so  as 
to  form  a mass  arranged  into  three  series — an  outer 
single  layer,  dermatogen  ; a central  layer,  / and 

a layer  between  these,  perihlem.  The  iijDper  four  cells 
also  subdivided  into  a mass.  The  upper  cell  of  the 
suspensor  larger  than  the  rest,  and  called  the  hnp)o- 
p)hgsis. 

e.  Stage  v.  The  outgrowth  of  two  cotgledom  from  the 
mass  belonging  to  the  upper  four  cells.  The  mass 
formed  from  the  lower  four  cells  differentiated  into 
the  radicle. 

f.  Stage  vi.  The  apical  region  of  the  plmmde  formed 
between  the  two  cotyledons.  The  hypophysis  dif- 
ferentiated into  the  cahjj)tra  of  the  radicle. 


xiv.  Varieties  of  Fruits. 

A.  Dry  dehiscent  Fruits. 

i.  Examine  the  ripe  fruit  of  Aquilegia  vulgaris. 

Observe  : — 

a.  Ajxjcarpous  character,  consisting  of  several  follicles, 
each  made  up  of  pericarp  and  seeds.  In  each  note — 

b.  iJehiscence  longitudinal,  by  opening  along  the  ventral 
suture. 

c.  Seeds  several,  borne  on  ventral  suture. 


153 


ii.  Examine  the  ripe  fruit  of  Pisum  sativum. 

Observe  : — 

a.  Single  carpel,  forming  the  pericarp  and  enclosing  th 
seeds. 

h.  Dehiscence  longitudinal,,  opening  along  both  ventral 
and  dorsal  sutures. 

c.  Seeds  several,  on  ventral  suture. 

This  fruit  is  known  as  the  legume. 

iii.  Examine  the  ripe  fruit  of  CheiranttlUS  cheiri. 

Observe  ; — ■ 

a.  Two  carpels,  syncarpous. 

&.  False  dissepiment  or  repluin. 

« 

c.  Longitudinal  dehiscence,  by  the  valve-like  separation 
of  the  two  carpels  from  the  base  upwards,  leaving  the 
replum  and  the  seeds  attached  to  the  parietal  marginal 
placentae. 

This  fruit  is  the  siliqua. 

iv.  Examine  the  ripe  fruit  of  Capsella  bursa  pastoris. 

Observe  : — 

That  it  only  differs  from  the  siliqua  of  Cheiranthus  by 
being  about  as  broad  as  long.  It  is  called  the  silicula. 

V.  Examine  the  ripe  fruit  of  Viola  tricolor. 

Observe  : — 

a.  Pericarp,  made  up  of  three  syncarpous  carpels. 

h.  Longitudinal  dehiscence,  by  the  formation  of  a slit 
from  the  summit  downwards,  in  the  position  of  the 
midrib  of  the  carpels.  The  pericarp  thus  splits  into 
three  segments,  in  the  middle  of  the  inner  face  of  each 
of  which  is  a double  row  of  seeds  {parietal  marginal). 

This  fruit  is  a loculicidal  capsule. 

vi.  Examine  the  fruit  of  Epilobium  hirsutum. 

Observe  : — 

a.  Inferior  syncarpous  fruit  with  four  carpels. 
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h.  Lonr/itudinal  dehiscence,  from  above  downwards,  in 
such  a way  as  to  leave  a central  column,  consisting  of 
the  septa,  and  to  divide  the  pericarp  into  four  segments 
by  slits  down  the  middle  of  the  carpels,  each  segment 
bearing  a row  of  seeds. 

This  fruit  is  a septifragal  capsule. 

vii.  Jlxamine  the  ripe  fruit  of  Digitalis  purpurea. 

Observe  : — 

a.  Two  syncarpous  carpels. 

1).  Longitudinal  dehiscence,  by  formation  of  two  slits  from 
above  downwards  in  the  position  of  the  septa,  so  as  to 
lead  to  the  separation  of  the  two  carpels. 

c.  Very  many  seeds  on  the  margins  of  the  carpels. 

This  is  an  example  of  a septicidal  capsule. 

viii.  Examine  the  ripe  fruit  of  Auagallis  Arvensis. 

Observe  ; — 

a.  The  transverse  dehiscence,  by  the  formation  of  a slit 
around  the  pericarp  separating  its  upper  part  as  a sort 
of  lid. 

h.  iN^umerous  seeds  on  a free  central  placenta. 

This  is  an  example  of  the  pyxidium  variety  of 

capsule. 

ix.  Examine  the  ripe  fruit  of  PapavGr  rhOGas. 

Observe  : — 

a.  The  many-chambered  syncarpous  character. 

h.  Dehiscence  by  the  formation  of  numerous  pores  just 
beneath  the  crown-like  disk  at  the  summit  of  the  fruit. 

This  is  an  example  of  the  porOUS  CapSUlG. 

B Dry  indehiscent  Fruits. 

X.  Examine  the  fruit  of  GGranium  RobGrtianum. 

Observe  ; — 

a.  In  the  young  fruit — five  ovaries  at  the  base,  surmounted 
by  a ribbed  beah,  at  the  summit  of  which  are  the  five 
filiform  stigmas.  It  is  syncarpous  ; each  ovary  contains 
a single  seed. 
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h.  In  the  older  fruit — each  ovary  containing  its  seed  lias- 
separated  from  the  base,  and  the  “ ribs  of  the  beak,” 
each  really  the  style  of  a corresponding  carpel,  have 
separated  from  a central  column.  Each  carpel  has 
become  rolled  up.  The  ovaries  are  indehiscent. 

Such  a fruit  is  a schizocarp. 

xi.  Examine  the  fruit  of  Conium  maculatum. 

Observe  ; — 

a.  In  the  \founcj  fruit — two  carpels  (si/ncarjjous),  each 
containing  a single  seed ; on  each  carpel,  note  the 
ridges  or  costce,  live  on  each  carpel,  and  the  vittev  or 
tubular  glands,  between  the  ridges.  The  ovaries  are 
surmounted  bv  the  bilobed  stigma. 

b.  In  the  older  fruit — each  carpel  has  separated  from  it.s 
neighbour,  and  is  now  seen  to  be  borne  on  the  summit 
of  a median  septum.  Each  half  of  the  fruit  is  known 
as  a mericarp;  the  median  septum  as  the  carpophore  ; 
and  the  whole  fruit  is  called  a cremocarp.  It  is 
indehiscent. 

xii.  Examine  the  fruit  of  Ranunculus. 

Observe  : — 

a.  Many  apocarpous  carpels.  Each  consisting  of — 

b.  A thin  coriaceous  enclosing — 

c.  One  seed. 

d.  When  ripe,  each  carpel  separates  from  the  convex  disk.^ 

Such  a fruit  is  an  achene. 

xiii.  Examine  the  fruit  of  Oorylus  Avellana  (Hazel). 

Observe  .• — 

a.  The  leafy  investment  at  the  base  of  the  fruit  {cupule). 

h.  The  sincfle  ovary.  (Originally  the  gynoecium  consisted 
of  a bilocular  ovary,  but  only  one  seed  attains  maturity.) 
It  contains  a single  seed, 

c.  The  hard  sclerenchymatous  pericarp. 

d.  Indehiscent. 

This  kind  of  fruit  is  called  the  nut. 
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xiv.  Examine  the  fruit  of  Acer  pseudoplatanus. 

Observe  ; — 

a.  Two  syncarpous  carpels,  each  having — 

b.  A wing. 

c.  A hard  pericarp  ; and  containing — 

d.  A si}ir/le  seed. 

e.  When  ripe,  the  two  carpels  separate  from  each  other. 

This  fruit  is  known  as  the  samara. 

N.B. — The  fruit  seen  in  Graminete,  e.g.,  wheat,  is  a 
variety  of  achene,  in  which  the  pericarp  adheres  to  the  testa 
of  the  seed.  It  is  called  the  caryopsis.  The  fruit  of  Com- 
positse  is  another  variety  of  achene,  and  has  a 
hairs  at  its  summit.  It  is  inferior,  and  is  called  the  cypscla. 

C.  Succulent  Fruits. 

XV.  Examine  the  fruit  of  some  species  of  Prunus  (Plums, 
Cherry,  &c.). 

Observe  : — 

a.  Single  carj3el,  consisting  of — 

b.  Pericarp.  This  is  made  up  of  three  parts : 

1.  A thin  membranous  epicaip. 

2.  The  thick  succulent  mesocarp. 

3.  The  thick,  hard  stony  sclerenchjunatous  enducarp., 
forming  the  “ stone  ” of  the  fruit. 

c.  A single  seed^  inside  the  “ stone  ” or  endocarp. 

This  kind  of  fruit  is  called  the  drupe. 

xvi.  Examine  the  fruit  of  Ribes  grossularia. 

Observe  : — 

a.  Inferior,  single-chambered. 

b.  Pericarp),  consisting  of — ■ 

1.  Thin  epicarp. 

2.  Succulent  mesocarp  and  endocarp,  in  which  are 
imbedded  the  seeds. 

Seeds  imbedded  in  the  succulent  pericarp. 

This  fruit  is  the  bacca  or  berry. 
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xvii.  Tlic  fruit  of  Apple  and  Pear  consists  of  a very  succulent 
concave  receptacle  'whicli  surrounds  the  true  fruit  after 
fertilization.  They  are  spurious  fruits.  The  Strawberry 
consists  of  a number  of  dry  indehiscent  aclienes  inserted  on 
the  extremely  succulent  foru,'<,  and  is  also,  therefore,  a 
spurious  fruit. 


XV.  Seeds— Germination. 

i.  Take  some  seeds  of  Phaseolus,  which  have  been  softened 
by  soaking  in  water  for  twenty-four  hours.  Examine  them 
with  the  naked  eye,  and  dissect  them. 

Observe  : — 

a.  On  one  margin  of  the  seed,  a dark,  rough,  elongated 
oval  patch,  called  the  hilum.  It  marks  the  position 
of  the  funicle  of  the  original  ovule,  and  is  the  point  of 
attachment  of  the  seed  to  the  pericarp  of  the  fruit. 

b.  The  micropifle,  a minute  round  opening,  near  the 
hilum.  It  corresponds  to  the  micropyle  of  the  ovule. 

c.  The  outer  coat  or  testa,  a thick,  tougli  membrane 
enclosing  the  more  essential  parts  of  the  seed.  It  is 
formed  from  the  integuments  of  the  ovule.  Carefully 
strip  off  the  testa.  There  will  then  be  exposed — 

d.  The  embruo^  consisting  of  two  large  fleshy  cotyledons^ 
forming  the  main  bulk  of  the  seed,  and  applied 
together  by  their  flat  surfaces.  They  are  joined 
together  by  the  other  parts  of  the  embryo.  At  one 
extremity  of  the  cotyledons  is  seen  the  conical  radicle 
or  young  primary  root ; it  lies  outside  the  cotyledons, 
and  has  its  apex  directed  towards  the  position  of  the 
micropyle.  Carefully  separate  one  of  the  cotyledons 
from  its  point  of  attachment  to  the  base  of  the  radicle, 
and  make  out  the  phimule,  which  lies  between  the 
cotyledons,  and  bears  rudiments  of  leaves.  The 
plumule  is  the  young  primary  stem. 

e.  Note  the  absence  of  any  endosperm.  The  food  material 
of  the  seed  is  deposited  in  the  large  fleshy  cotyledons. 

ii.  Cut  a series  of  longitudinal  sections  of  the  seed  of  Linum 
usitatissimum.  Mount  in  glycerin,  and  examine  with 
a low  power.  Find  a thin  median  section.  In  it — 
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Observe  ; — 

a.  The  outer  brown  testa,  with  a thick  external  cuticle. 

h.  The  e7idosperm—a  band  of  dark-looking'  tissue,  com- 
pletely lining  the  interior  of  the  testa,  except  at  the 
apex  of  the  seed.  It  is  several  layers  of  cells  in 
thickness,  and  its  cells  contain  oily  matters  and 
aleurone  grains. 

c.  The  straight  e)nl)ryo,  lying  within  the  endosperm,  and 
having  the  same  general  appearance  as  the  endosperm, 
but  clearly  marked  off  from  it.  The  tissues  of  the 
embryo  contain  oil  and  aleurone  grains.  The  embryo 
consists  of — 

1.  Two  large  cotyledons,  lying  parallel  to  one  another, 
and  occupying  the  greater  part  of  the  seed. 

2.  The  radicle,  situated  at  the  narrow  end  of  the 
seed,  and  with  its  apex  directed  towards  the 
micropyle  (difficult  to  make  out).  The  arrange- 
ment of  the  meristematic  cells  of  the  apex  of  the 
radicle  will  be  found  described  at  page  121. 

3.  In  an  accurately  median  section,  the  short 
rounded  pdumide  will  be  seen,  lying  between  the 
two  cotyledons,  where  their  tissues  merge  into 
that  of  the  radicle. 

iii.  The  form  and  relative  position  of  the  parts  of  the  embryo 
are  often  of  classificatory  value,  e.g.,  in  the  CruciferSB. 
Make  out  by  dissection,  and  by  cutting  transverse  sections, 
the  characters  of  the  embryo  in  the  following  types  : — 

a.  Helianthus — embryo  straight. 

b.  Liinuni — embryo  straight. 

c.  Oheiranthus — radicle  of  the  embryo  bent  over  so  as 
to  lie  at  one  margin  of  the  two  Hat  cotyledons,  repre- 
sented by  the  diagram.  0 = (accumhent). 

d.  Brassica — radicle  of  the  embryo  bent  over  so  as  to 
lie  at  the  side  of  one  of  the  cotyledons,  which  are 
folded  so  as  partly  to  enclose  it,  represented  by  the 
diagram.  O » {inciimhent  and  folded). 

e.  Capsella  bursa  pastoris — radicle  of  the  embryo 
bent  over  so  as  to  lie  at  the  side  of  one  of  the  cotyle- 
dons, which  is  not  folded,  represented  by  the  diagram. 
0 II  {inciunbent). 

f.  Acer  pseudoplatanus — cotyledons  rolled  up  in  a 
scroll-like  manner. 
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iv.  Allow  some  seeds  of  PhaS60lus  to  germinate  in  moist 
earth,  until  the  primary  root  has  attained  the  length  of 
about  three  inches.  Then  examine,  comparing  with 
the  ungerniinated  seed. 

Observe  : — 

a.  The  ieda,  ruptured  in  the  region  of  the  micropyle, 
and  still  enclosing  the  two  cotyledons, 
h.  TSxq.  i)vi)nary  root,  formed  by  elongation  of  the  radicle 
of  the  seed.  Note  that  near  the  summit  there  are  no 
secondary  roots,  whilst,  in  the  more  basal  parts  of  the 
root  narrow  secondary  roots  are  given  off  in  four 
longitudinal  rows. 

<•.  The  primary  root,  continuous  above  with  the  cotyledons 
and  also  with — 

d.  The  stem.  It  is  shorter  than  the  primary 

root  (at  this  stage),  and  is  formed  from  the  plumule, 
which  leaves  the  seed  at  a later  period  than  the  radicle. 
Note  the  young  leaves  at  its  summit. 

V.  Study  the  changes  which  take  place  in  the  characters  and 
arrangement  of  the  cell  contents  of  the  embryo,  by  cutting 
sections  of  the  various  parts  at  different  stages  in  germi- 
nation. 

vi.  Determine  the  main  conditions  necessary  for  germi- 
nation, by  the  following  experiments  : — 

A.  Moisture  is  necessary. — (a)  Keep  some  Phaseolus  seeds 

dry,  and  {h)  keep  other  seeds  moist,  and  both  at  a 
temperature  of  about  35°  C.  for  a week  or  more,  ex- 
posed to  the  air. 

Observe  : — 

(a)  will  not  have  germinated. 

(5)  will  have  germinated. 

B.  A certain  degree  of  temperature  is  necessary. — Take 

three  lots  of  Phaseolus  seeds,  (a),  (6),  and  (c)  ; moisten 
them  all,  and  keep  moist  and  exposed  to  the  air ; keep 
(a)  at  a temperature  of  about  35°  C.,  keep  {h)  at  a 
temperature  of  about  50°  to  55°  C.,  and  (c)  at  a tem- 
perature of  a little  over  0°  C.,  for  a period  of  a week 
or  so. 

Observe  : — 

. {a)  unit  germinate  well. 

(h)  will  not  germinate. 

(c)  will  not  germinate. 
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C.  Ox ! /gen  is  necessary. 

Introduce  some  Phaseolus  seeds,  which  have  well 
soaked  in  water,  into  a hell-jar  which  has  been 
deprived  of  its  oxygen,  as  in  the  ordinary  experiment 
for  preparing  jiitrogen  from  the  atmosphere. 

Kee])  at  a temperature  of  35°  C.,  and,  after  a week, 
compare  with  other  Phaseolus  seeds  which  have  ger- 
minated in  the  same  conditions  of  temperature  and 
moisture,  in  the  air. 

Observe  : — 

Those  in  the  atmosphere  of  nitrogen  do  not 
germinate. 

T).  Ligld  is  unnecessary. 

Allow  two  lots  of  Phaseolus  seeds  to  germinate, 
one  in  darkness,  the  other  in  light,  and  observe  that 
there  is  very  little  difference  in  the  germination  in  the 
two  cases. 

Light  is  necessary  for  assimilation,  but  in  the  pre- 
sence of  a store  of  reserve  assimilated  bodies,  as  in  a 
seed,  growth  will  occur  without  light,  and  continue  so 
long  as  the  store  of  reserve  food  lasts. 

vii.  Determine  that,  during  germination,  heat  is  evolved  and 
carbon  dioxide  is  formed.  Take  a glass  bottle,  place 
in  it  some  baryta  water,  then  into  the  neck  of  the  bottle 
insert  a glass  funnel.  Place  in  the  funnel  a number  of 
well-soaked  moist  Phaseolus  seeds,  and  imbed  the  bulb  of 
a delicate  thermometer  amongst  the  seeds.  Cover  the 
whole  over  with  a bell-jar,  such  as  will  permit  the 
entrance  of  some  air.  Prepare  a similar  apparatus,  but  for 
the  seeds  substitute  some  moistened  cotton-wool.  The 
object  of  this  is  for  comparison.  Place  the  two  under  the 
same  conditions  of  temperature,  and  after  a few  days 
observe  the  effects. 

Note  : — 

a.  The  tempe^’ature  in  the  apparatus  containing  the  seeds 
is  a degree  or  two  higher  than  the  other. 

b.  There  is  a cloudiness  of  the  baryta  water  in  the  appa- 
ratus containing  the  seeds,  and  not  in  the  other. 
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DIVISION  B.— MONOCOTYLEDONS. 

i.  External  Characters — Zea  mais — 
Hyacinthus. 

i.  Examine  the  general  external  characters  of  a fully  grown: 
plant  of  Zea  mais. 

(_)bserve  : — 

I 

a.  Prhtar//  ster/f,  elongated,  large  below,  tapering  above, 
divided  into  nodes  and  internodes,  the  former  some- 
what swollen,  the  latter  smooth  and  cylindrical. 

h.  Tlie  leaves,  made  up  of  a very  distinct  sheath,  sur- 
rounding the  stem,  and  running  along  it  from  the 
node  which  bears  it,  sometimes  higher  than  the  next 
node  ; and  a hunina  or  blade,  long,  Hat,  broad,  and 
gradually  tapering  to  a point.  At  the  junction  of  the 
sheatli  and  lamina  there  is  a small  membranous  process 
projecting  from  the  upjDer  side.  This  is  the  Ugule. 

is,  no  petiole.  iS'ote  the  of  the 

leaf.  Also  note  the  phyllotaxis  ; it  is  one-half  (see 
page  128).  Only  one  leaf  is  borne  at  each  node. 

c.  The  male  initorescenee,  forming  a loosely  arranged 
paniele  of  male  howers  at  the  summit  of  the  primary 
stem.  Note  the  brownish  dry  scale  leaves,  whicln 
surround  the  groups  of  flowers  borne  on  the  branches 
of  the  panicle  [eataphyllarij  leaves  or  bracts). 

d.  Branches  of  the  priinary  stem.  These  are  only  seen  in 
the  region  of  the  inflorescence  at  the  summit,  and 
also  in  the  axils  of  the  lower  foliage  leaves,  where 
they  form  female  inflorescences. 

e.  Femcde  inforescences.  Two  or  three  in  number,  con- 
sisting of  secondary  axes  borne  in  the  axils  of  the 
lower  leaves.  Each  is  surrounded  by  a large  number 
of  ensheathing  leaves,  gi\'ing  to  the  whole  inflorescence 
a spindle-shaped  outline.  From  the  summit  of  the 
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ensheatliing  leaves  numerous  white  hair-like  processes 
are  seen  projecting.  ( )n  closer  examination  these  are 
found  to  be  connected  with  large  numbers  of  sessile 
female  Howers,  borne  upon  a more  or  less  succulent 
central  axis.  The  female  inflorescence  is  a spadijc 
(see  page  130).  If  the  plant  is  older  than  that  de- 
scribed, instead  of  the  female  flowers,  will  be  found 
the  characteristic  fruits  of  the  Maize,  clustered  upon  a 
central  axis. 

/.  The  roots.  The  primary  root  is  short,  and  not  well 
marked  from  the  secondary  roots,  which  are  numerous. 
(Cf.  Helianthus.)  Very  often  there  may  be  found 
(especially  towards  the  end  of  summer)  whorls  of 
adventitious  roots  springing  from  the  lower  nodes  of 
the  stem. 

ii.  Carefully  examine  the  external  characters  of  Hyacinthus, 

when  in  the  flowering  state. 

Observe  : — 

a.  The  large  numbers  of  thin,  white  adventitious  roots., 
projecting  from  the  lower  part  of  the  bulb.  Their 
structure  is  described  at  page  168. 

h.  The  hidh. 

c.  The  main  stalk  or  rarliis  of  the  inflorescence,  pro- 
jecting from  the  middle  of  the  bulb,  and  bearing  at 
its  summit  a raceme  of  blue  flowers. 

d.  The  flowers,  having  pedicels,  and  each  arising  from 
the  rachis  in  the  axil  of  a bract. 

e.  The  sessile  green  foliage  leaves. 

iii.  Examine  carefully  the  bulb  of  Hyacinthus,  by  dissecting 

it,  and  by  cutting  it  longitudinally. 

Observe  : — 

a.  It  consists  of  a very  much  abbreviated  primary  stem, 
which  has  expanded  to  form  a kind  of  disk.  From 
the  base  of  it  the  rootlets  are  given  off.  The  primary 
stem  bears  a large  number  of  imbricated  scale-like 
leaves,  which  are  the  expanded  bases  of  the  foliage 
leaves  of  two  or  three  years’  growth. 

1).  The  main  flowering  stem  and  the  foliage  leaves  of  the 
present  year  stand  in  the  axil  of  the  innermost  of  the 
scale  leaves  of  last  year’s  growth. 
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c.  The  leaves  belonging  to  last  year,  together  with  tlie 
remains  of  the  lowering  axis  of  that  year,  are  found  in 
the  axil  of  the  innermost  of  the  scale  leaves  of  the 
year  previous  to  it. 

(L  In  the  axil  of  the  innermost  leaf  of  this  present  year 
is  found  a hu(J,  representing  the  rudiment  of  next 
year’s  stem  and  leaves.  There  are  thus  parts  of  four 
distinct  years’  growth  in  the  same  bulb.  As  the  leaves 
and  flowering  stem  of  each  year  wither  off,  that  of  the 
next  begins  to  take  its  place,  so  that  the  flowering 
stem  of  the  present  year  appears  to  be  approximately 
terminal. 


ii.  The  Stem— Zea  mais— Asparagus. 

i.  Cut  thin  transverse  sections  of  the  stem  of  Zea  mais. 

Mount  in  glycerin,  and  examine  with  a low  power. 

Observe  : — 

a.  Eindermis. 

h.  Fundamental  tissue,  consisting  of — 

1.  A narrow,  interrupted  band  of  small-celled  scleren- 
chyrna  just  beneath  the  epidermis. 

2.  The  general  large- celled  fundamental  tissue,  form 
ing  the  greater  part  of  the  tissue  of  the  section. 
It  is  ordinary  jjarenchyma. 

3.  A band  of  sderenclryma,  made  up  of  small  cells, 
with  very  thick  walls  immediately  surrounding 
each  bundle  {external  sheath). 

c.  Fihro-vaseular  bundles,  composed  of  two  parts,  xylem 

and  phloiim,  and  devoid  of  cainbium  {dosed).  iSTote — 

1.  Tlie  i>osition  of  the  two  parts — xylem  always 
internal,  phloem  external. 

2.  The  form  of  the  parts — xylem,  more  or  less  Y 
shaped,  with  its  apex  directed  inwards  ; phloem, 
a small  mass  lying  between  the  two  diverging 
limbs  of  the  xylem.  The  arrangement  is  col- 
lateral, but  tendiny  to  be  concentric. 

3.  The  size  of  the  bundles — larger  in  the  centre, 
smaller  towards  the  periphery  of  the  st(un. 
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4.  The  mimher  of  the  himdles — lavfje,  but  less, 
numerous  in  the  centre  of  tlie  section. 

5.  The  (jeneral  arrangement  of  the  bundles — they 
are  scattered,  i.e.,  not  arranged  in  a ring.  (Cf- 
Dicotgledon.) 

6.  The  structure  of  the  .rglem.  The  most  obvious- 
structures  are  the  large  vesmh.  Of  these  there  aro 
four  to  be  readily  distinguished,  two  large  ones, 
laterally,  and  two  smaller  ones  internally  towards 
the  apex  of  the  V-shaped  xylem.  The  most 
internal  of  the  latter  forms  the  protoxy! ein. 
Amongst  these  four  distinct  vessels  are  seen 
numerous  smaller  structures  [fibres  and  cells). 

7.  The  structure  of  the  g)hloeni,  made  up  chiefly  of 
small  thin-walled  cells,  with  a few  large  ones 

• scattered  amongst  them. 

ii.  Pick  out  a thin  section,  put  on  your  high  power,  and 
examine  more  carefully. 

Observe : — 

a.  Epidermis  and  cuticle.  Here  and  there  a storaa  with 
two  guard,  cells  and  two  sid)sidiary  cells. 

b.  The  sclerenchyma  immediately  beneath  it,  made  up  of 
small  cells  with  very  thick  walls  and  little  cell 
contents. 

c.  General  parenchyma — large  cells  with  thin  walls  and 
intercellular  spaces. 

d.  External  sheath,  made  up  of  cells  like  b. 

e.  The  .rylein.  The  innermost  vessel  is  annular.  The- 
next  to  it  is  spiral,  and  the  two  lateral  ones  are  pitted. 
Note  a space  near  the  innermost  vessel  (caused  by 
rupture  during  growth).  Around  this  space  aro 
numerous  thin-walled  small  cells  (xylem  p>ci'i'efichy)na)^ 
Lying  around  the  two  large  pitted  vessels,  and  at 
about  the  middle  of  the  whole  bundle,  are  a few  thick- 
walled  small  cells  (xylam  fibres). 

f.  The  ]>ldorm.  It  consists  chiefly  of  small  thin-walled 
]iarenchymatous  cells  (phloi-m  parenchyma),  scattered 
amongst  which  are  a few  Inrger  cells  [sieve  tubes).  In 
some  of  the  latter  a sieve  plate  may  be  seen. 
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iii.  Cut  thin  longitudinal  sections  of  the  stein  of  ZbEL  ni3iis. 
Mount  in  the  same  way,  and  examine  with  a high  power 


Observe : — 

a.  The  epidernm,  elongated  cells,  with  a thick 
nitirle. 

h.  The  ttrlerenchiinm,  made  up  of  narrow  thick-walled 
prosenchymatous  cells. 

r..  The  general  pareuchi/wa,  thin-walled  cells  with  inter- 
cellular spaces. 

d.  Fihro-vasndar  hundlett,  running  longitudinally  and 
parallel  to  each  other  in  the  stem.  According  as  the 
bundle  is  cut  you  may  have  different  appearances. 
!Make  out — 

1.  The  amildar  vessel. 

2.  The  snjlem,  parciK'liuma. 

3.  The  spiral  vessel. 

4.  The  pitted  vessels. 

5.  The  fibres  with  thick  walls  and  simple  pits. 

6.  The  jddoem  made  up  of  phloem  parenchyma,  and 
sieve  tubes.  In  the  latter,  note  the  transversely 
situated  sieve  plates. 

€.  The  sclereiicliyma  of  the  external  sheath,  thick-walled 
.cells  of  prosenchymatous  form. 


N.B. — The  fibro- vascular  system  may  be  tabulated 
thus : — 


Phloem 


f parenchyma. 

) vessels  {sieve  tubes). 

No  cambium. 


i vessels  {annular,  spiral,  pitted). 

Xylem  -j  fibres. 

( parenchyma. 


IV. 


Compare  with  the  description  of  Asparagus  stem  (page 
33.) 
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iii.  The  Leaves. 

i.  Cut  thin  transverse  sections  of  the  leaf  of  Zea  mais, 

including  the  midrib.  Mount  in  glycerin,  and  examine 

with  a low,  then  with  a high  power. 

Observe  : — 

a.  Epidermis  at  the  upper  surface  of  the  leaf.  It  consists 
of  more  or  less  flattened  cells  with  a definite  external 
cuticle.  It  bears  hairs  and  contains  stomata.  These 
are  hounded  by  two  small  guard  cells  with  thickened 
walls,  and  at  each  side  is  seen  a subsidiary  cell  of  the 
stoma. 

h.  The  fihro-vascular  bundles,  lying  here  and  there  in  the 
general  tissue  of  the  leaf,  nearer  to  the  lower  surface 
than  the  upper.  Each  bundle  has  the  same  structure 
as  in  the  stem,  the  phloefin  and  xyleni  being  arranged 
in  exactly  the  same  way  as  in  the  bundle  of  the  stem. 
The  xylem  is  towards  the  upper  surface. 

r.  The  masses  of  sclerenchyma,  lying  chiefly  beneath  the 
lower  layer  of  epidermis  of  the  leaf,  where  it  forms  an 
interrupted  band.  The  masses  of  sclerenchyma  are 
most  strongly  marked  opposite  to  the  fibre- vascular 
bundles,  and  extend  in  these  situations  from  the  epi- 
dermis down  to  the  bundles,  forming  with  the  bundles 
a series  of  incomplete  bands  across  the  leaf. 

d.  The  general  mesopUyll,  consisting  of  parenchymatous 
tissue,  having  intercellular  spaces.  Most  of  it  contains 
chlorophyll.  A single  layer  of  cells  of  the  mesophyll 
surrounds  each  bundle,  forming  a kind  of  bundle 
sheath,  in  which  there  is  no  chlorophyll. 

e.  The  section  is  larger  in  the  region  of  the  midrib, 
which  contains  fihro-vascular  bundles  and  a large  mass 
of  colourless  mesophyll,  together  with  some  chlorophyll 
containing  mesophyll  near  the  surface. 

/.  Tl)e  lower  surface  of  the  section  has  a sinuous  outline 
corresponding  to  the  fibro-vascular  bundles,  and  is 
formed  by  an  epidermis  similar  to  that  of  the  upper 
surface  of  the  leaf. 
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ii.  Cut  tangential  sections  of  a h'af  of  Zea  niais  so  as  tO' 
include  only  the  epidermis  of  the  lower  surface  of  the  leaf. 
Mount  in  glycerin,  and  examine  with  a high  power. 

Observe  : — 

a.  The  epidermal  cells — flattened  plates,  oblong  in  form,, 
with  a definite  sinnons  outline,  arranged  in  rows. 

h.  The  stomata^  arranged  in  longitudinal  rows  amongst 
the  epidermal  cells. 

c.  The  (juard  ceils,  surrounding  the  stomata — elongated, 
narrow,  and  having  somewhat  thick  walls. 

d.  The  suhsidiarij  cells,  two  in  number,  in  connection 
with  each  stoma.  They  are  small,  and  have  a tri- 
angular form,  with  their  bases  applied  against  the- 
guard  cells. 

iii.  Compare  the  stomata  and  their  four  surrounding  cells,  a& 
seen  in  i.  and  ii. 

iv.  Strip  off  the  epidermis  from  a leaf  of  HyacinthuS.. 
Examine  as  in  ii. 

Observe  : — 

a.  Oblong  epidermal  cells. 
h.  Stomata. 

c.  Guard  cells. 

d.  Absence  of  subsidiary  cells. 

V.  Study  the  development  of  stomata  in  the  young 
leaf  of  Hyacinthus,  by  stripping  off  the  epidermis  from 
various  parts  of  the  leaf,  beginning  at  the  apex  and  working 
downwards.  Make  out  the  stages  described  at  page  23. 


iv.  The  Root — Hyacinthus— Zea  mais. 

i.  Cut  thin  transverse  sections  of  an  old  root  of  Hyacinthus. 
Mount  in  glycerin,  and  having  found  a thin  section  with  a 
low  power,  put  on  a high  one  and  examine. 

Observe  : — 
a.  Epidermis. 
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b.  General  fundamental  made  u|)  of  large  paren- 

chymatous cells  with  thill  walls  and  intercellular 
spaces. 

c.  Tlie  handle  ,dieath. 

d.  The  fthro-vascnlar  njUnder  in  the  centre,  consisting 
of — 

1.  The  perirandnura,  a single  layer  of  small  thin- 
walled  cells  immediately  within  the  bundle  sheath, 

2.  Xylein  ma^se^,  arranged  in  a radiating  manner. 
They  are  about  six  in  number.  The  elements 
composing  them  are  small  towards  the  periphery, 
where  the  proto.ciilem  lies,  and  much  larger  more 
internally.  In  the  centre  of  the  cylinder,  the 
xylem  masses  unite  into  a single  mass,  so  tliat 
there  is  no  central  pith.  The  apex  of  each 
radiating  mass  of  xylem  abuts  on  the  peri  cambium. 

3.  PJdomn  These  are  equal  in  number  to 

the  xylem  masses,  with  which  they  alternate  in 
position.  Each  has  a bright  appearance.  They 
are  not  so  distinct  as  the  xylem  masses,  and  arc 
not  seen  in  a young  root, 

4.  The  eonjunrtive  tUme  of  parenchymatous  cells, 
tilling  up  all  the  parts  of  the  cylinder  not  occupied 
hy  the  foregoing  tissues. 

5.  ''Xote  the  absence  of  any  serondarn  tliklienimj 
and  any  camhium.  (Cf.  Dicotyledon.) 

Gut  similar  transverse  sections  of  a root  of  Zea  mais. 

Examine  in  the  same  way. 

Observe  : — 

a.  The  same  general  disposition  of  the  parts  as  in 
Hyacinthus. 

h.  The  xylem.  ma^sex  are  more  numerous  than  in  Hya- 
cinthus, and  they  occupy  only  the  peripheral  parts  of 
the  fibro-vascular  cylinder,  so  that  there  is  a definite 
medulla. 

c.  Opposite  the  xylem  masses,  the  pericambium  layer  of 
cells  is  incomplete,  so  that  the  protoxylem  abuts  upon 
the  bundle  sheath. 

<1.  The  vessels  towards  the  centre  are  very  large,  and 
those  of  the  protoxylem  arc  small. 
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iii.  Ill  longitiuliiial  nidial  sections  of  the  root  of  Hyacinthus 
or  of  Zea  mais,  make  out  the  characters  of  the  vessels 
composing  the  xylein  masses. 

iv.  Cut  thin  longitudinal  median  sections  of  the  enihryo  of  tlm 
“ seed  ” of  Zea  mais,  following  the  description  given  at 
page  42. 

Particularly  observe  : — 

a.  That  the  calyptra  arises  from  a special  meristem 
{cal  ijptvogen). 

h.  That  the  periblem  and  dermatogen  are  continuous  at 
the  summit  into  a single  initial  layer, 

r.  That  the  plerome  arises  from  cells  at  its  extreme 
summit,  distinct  from  the  initial  layer  for  periblem  and 
dermatogen.  (Cf.  Phaseokis,  Linujji,  and  Pinus.) 

v.  Make  a careful  comjDarative  study  of  the  apical  regions  oi 
the  roots  of  Pteris,  Pinus,  Phaseolus,  Linum  or 
Helianthus,  and  Zea  mais. 


V.  The  Flower— Hyacinthus,  &c. 

i.  Examine  the  flowers  of  Hyacinthus  with  the  naked  eye, 
and  by  means  of  a simple  microscope  or  pocket  lens. 

Observe  : — 

a.  The  inflorescenre — a raceme. 
h.  The  hracU,  in  whose  axils  arise — 
r.  The  pcdiceU  or  flower  stalks. 

d.  The  perianth,  consisting  of  two  whorls  of  floral  leaves, 
three  in  each  whorl,  alternating  with  those  of  the 
other  whorl.  They  are  united  into  a tube  {(lamo- 
pjhyllous),  and  are  free  from  the  gynoecium  (^inferior). 

e.  The  andraxium,  consisting  of  six  stamens,  separate 
from  each  other,  and  in  two  whorls  of  three  each. 
They  are  inserted  on  the  tube  of  the  perianth  {epi- 
pluyllom).  Xote  the  filament  and  anther. 

M 
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/.  The  gifuaicium^  made  up  of  three  syncarpous  superior 
carpels.  The  ovary  is  trilorAdar^  and  contains  in  each 
chamber  two  rows  of  ovules  attached  to  the  incurved 
margins  of  the  carpellary  leaves. 

(j.  ActinomorpUic  jioioer.  {See  page  138.) 


ii.  Remove  in  ord<n’  the  various  parts  of  the  flowers  of 
Hyacinthus,  and  lay  them  out  in  the  form  of  a floral 
diagram,  as  at  page  139. 

Observe : — 

a.  The  whorls  contain  each  three  leaves,  not  five  (very 
characteristic  of  Monocotyledons). 

h.  The  members  of  each  whorl  alternate  with  those  of 
the  whorls  externally  and  internally. 

c.  If  the  position  of  the  median  plane  (see  page  139)  be 
marked,  it  will  be  found  that  the  outermost  ring  of 
leaves  of  the  perianth  has  a single  anterior  leaf  and 
two  posterior  ones. 

d.  Carefully  compare  with  the  diagram  of  Geranium 

(page  139). 

iii.  Cut  thin  transverse  sections  of  the  anthers  of  a flower  bud 
of  Lilium.  Mount,  and  examine  with  a low  and  high 
power. 

Observe : — 

The  structure  of  the  anther,  and  the  nature  of  the 
pollen,  which  are  essentially  the  same  as  that  described 
at  page  142. 

iv.  Cut  thin  transverse  sections  of  the  ovary  of  Lilium  which 
has  been  kept  in  spirit  for  some  time.  Mount  in  glycerin, 
and  examine  with  a low  power. 

Observe ; — 

a.  Three  syncarpous  carpels. 

h.  The  incurved  margins  of  the  carpels  at  the  centre  of 
the  ovary. 

c.  The  anatropous  ovules,  two  rows  in  each  carpel. 


■v 


171 

d.  In  the  OVUle  make  out — 

1.  Thefnnide. 

2.  Tlie  two  integuments. 

3.  The  microinile. 

4.  The  nuceltus,  within  whicli,  in  a fortunate  section 
may  be  seen — 

5.  The  einimi/o-sar,  containing — 

6.  The  oosphere  and  st/nergidfe,  and  the  antipodal 
celts. 

e.  Make  a careful  drawing,  and  compare  with  the 
description  at  page  147. 

V.  Make  out,  and  write,  a floral  formula  for  Hyacinihus  or 
LiUuin. 

It  is : — 

K 3,  C 3,  A 3 + 3,  G 1. 

vi.  Examine  tlie  flower  of  Orchis  maculata. 

Observe  : — 

a.  Zygomorphir  character.  {See  page  138.) 
h.  Inferior  twisted  ovary. 

c.  Conspicuous  perianth,  suggesting  insect  fertilization. 

d.  Androecium,  consisting  of  a single  stamen,  having  a bi- 
locular anther,  united  to  the  gynoecium  in  the  upper 
part  {gijnandro2Ls).  Two  other  imperfect  stamens,  not 
bearing  anthers,  and  called  staminodia,  are  present. 

e.  The  two  lobes  or  halves  of  the  anther  : each  contains  a 
pear-shaped  body,  consisting  of  a mass  of  pollen  grains 
held  together  by  some  mucilaginous  material,  and 
called  a pollinhmi. 


vi.  The  Fruit  and  Seed— Zea  mais,  &c. 

i.  Examine  the  so-called  seeds  (really  fruits)  of  Zea  mais. 
Observe  : — 

The  outer  coat  of  the  fruit,  which  consists  of  pericarpj 
and  testa. 


a. 


f 
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h.  The  large  mass  of  endosperm,  yellow  and  hard  at  the 
surface,  softer  and  white  in  the  interior. 

c.  The  embiojo,  a small  white  body  lying  at  one  side  of 
the  seed. 

The  fruit  is  a special  modification  of  the  arhene. 
{See  page  15G.) 


ii.  Having  noted  the  position  of  the  embryo,  cut  longitudinal 
sections  of  the  fruit  in  such  a way  as  to  longitudinally  cut 
the  embryo.  Mount  in  glycerin,  and  examine  with  a low 
power. 

Observe  : — 

a.  The  2^6rirarp  of  the  fruit,  closely  adherent  to — 

b.  The  testa  of  the  seed. 

c.  The  endosp)erm,  consisting  of  thin-walled  cells  con- 
taining protoplasm,  in  which  are  imbedded  numerous 
closely  compressed  polygonal  starch  grains.  Xote  the 
peripheral  hard  yellow,  and  the  softer  inner  white 
endosperm. 

d.  The  embryo,  which  lies  at  one  side,  closely  attached  to 
the  endosperm.  In  the  embryo  note-— 

1.  The  single  rotyJedon,  which  extends  over  the 

Avhole  surface  of  contact  of  the  embrvo  with  the 

«/ 

endosperm. 

2.  A portion  of  the  embryo,  continuous  with  the 
cotyledon,  which  almost  completely  surrounds 
the  rest  of  the  embryo,  and  is  called  the  snitellum. 

3.  The  plumule,  or  rudimentary  stem  of  the  embryo, 
covered  by  several  young  sheathing  leaves. 

4.  The  radicle,  consisting  of  tissues  arranged  into  a 
plerome,  periblem,  and  dermatogen.  It  is  covered 
by  a root  cap,  which  arises  from  a special  layer  of 
calyvtrogen  outside  the  dermatogen.  {See  page 

42.) 

5.  Outside  the  root  caj)  and  continuous  with  it,  is  a 
root  sheath  or  caleorhiza. 
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iii.  Allow  some  “ seeds  ” of  Zea  mais  to  germinate,  and  com- 
pare the  young  plants  at  various  stages  with  the  “seed.” 

Observe : — 

a.  The  fruit  swells  by  imbibition  of  water,  and  bursts 
in  the  region  of  the  embryo,  tlie  rupture  beginning 
opposite  the  apex  of  the  radicle. 

f/.  The  ratUele  makes  its  way  through  this  rupture,  and 
in  doing  so  bursts  through  the  caleorhiza,  whicli 
appears  as  an  irregular  ring  round  the  base  of  the 
young  root. 

r.  The  j^^umuJe  also  protrudes  from  the  seed,  and  becomes 
the  young  primary  stem. 

(/.  The  young  root,  and  also  the  tissue  above  the 
scutellum,  gives  origin  to  secondary  roots  which  very 
soon  equal,  and  even  exceed,  the  primary  root  in 
growth.  (Cf.  Dicotyledons.) 

iv.  The  general  physiology  of  germination  of  the  Zea  mais  may 
be  studied  in  the  same  way  as  tliat  of  Phaseolus.  {Spc 
page  If) 9.) 
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MATERIA  MEDICA  ; a Manual  for  the  Use  of  Students.  B)' 

ISAMBARD  Owen,  M.D.,  F.R.C.P.,  Lecturer  on  Materia  Medica  and 
Therapeutics  at  St.  George’s  Hospital.  Second  Edition.  Crown  8vo,  6s.  6d, 
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LECTURES  ON  PRACTICAL  PHARMACY. 

By  Barnard  S.  Proctor,  formerly  Lecturer  on  Pharmacy  at  the  College 
of  Medicine,  Newcastle-on-Tyne.  Second  Edition.  With  44  Wood 
Engravings  and  32  Lithograph  Fac-Simile  Prescriptions  . 8vo,  14s. 
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J.  Pereira 

SELECTA  £ PRESCRIPTIS.  Selections  from  Physicians’ 

Prescriptions.  Containing  Lists  of  Terms,  Phrases,  Contractions,  Abbrevia- 
tions, Grammatical  Construction,  Rules  for  Pronunciation,  Vocaliulary,  &c. 
With  a Series  of  Abbreviated  Prescriptions  and  Key  to  the  same,  with 
Translations.  For  the  Use  of  Students.  By  Jonathan  Pereira,  M.D., 
F.R.S.  Seventeenth  Edition.  ....  24mo,  5s. 
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P.  Squire 


COMPANION  TO  THE  BRITISH  PHARMACOPCEIA 

(latest  Edition),  comparing  the  strength  of  its  various  preparations  with 
those  of  the  United  States,  and  other  Foreign  Pharmacopoeias,  to  which 
are  added  Non-official  Preparations,  and  Practical  Hints  on  Prescribing; 
also  a Tabular  Arrangement  of  Materia  Medica  for  Students,  an  Appendix 
containing  Articles  employed  in  Chemical  Testing,  and  Analyses  of  the 
Principal  Spas  of  Europe.  By  Peter  Squire,  F.L.S.  Edited  by  his  Sons 
P.  W.  Squire,  F.L.S. , F.C.S.,  and  A.  H.  Squire.  Fourteenth  Edition. 

8vo,  los.  6d. 


By  the  same  Author 


PHARMACOPCEIAS  OF  THE  LONDON  HOSPITALS. 

Fifth  Edition.  Fcap  8vo,  6s. 

* ^ Mr.  Squire  has  collected  all  the  Formulae  used  in  twenty-five  of  the  principal 
Hospitals  of  London,  and  arranged  them  in  groups  for  comparison.  These  Formulce 
were  revised  and  approved  by  the  medical  staff  of  each  of  the  Flospitals,  and  may 
therefore  be  taken  as  an  excellent  guide  to  the  medical  practitioner,  both  as  to  dose  and 
best  menstruum  in  prescribing.  The  Diet  Tables  of  the  Hospitals  are  also  included. 

Prosser  James. 

GUIDE  TO  THE  NEW  B.P,  Epitome  of  Changes,  and  Account 
of  all  the  New  Preparations.  Their  Characters,  Actions,  Uses,  &c.  With 
Full  Therapeutical  Commentary.  By  Prosser  James,  M.D.,  Lecturer  on 
Materia  Medica  and  Therapeutics  at  the  London  Plospital.  Second 
Edition  . . ...  Crown  8vo,  2s.  6d. 
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J.  Steggall 

FIRST  LINES  FOR  CHEMISTS  AND  DRUGGISTS 

preparing  for  Examination  at  the  Pharmaceutical  Society.  By  John 
Steggall,  M.D.  Third  Edition i8mo,  3s.  6d. 
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J.  B.  Smith 

PHARMACEUTICAL  GUIDE  TO  THE  FIRST  AND 
SECOND  EXAMINATIONS.  By  John  Barker  Smith.  Second 
Edition  .........  Crown  8vo,  6s.  6d. 

Latin  Grammar — Fractions  — Metric  System  — Materia  Medica  — Botany 

— Pharmacy— Chemistry — Prescriptions. 
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A.  S.  Taylor 

POISONS  TN  RELATION  TO  MEDICAL  JURIS- 
PRUDENCE AND  MEDICINE.  By  Alfred  S.  Taylor,  M.D.,  F.R.S., 
late  Professor  of  Medical  Jurisprudence  to  Guy’s  Hospital.  Third  Edition, 
with  104  Engravings Crown  8vo,  i6s. 


W.  Stowe 

A TOXICOLOGICAL  CHART,  Exhibiting  at  one  view  the 

Symptoms,  Treatment,  and  Mode  of  Detecting  the  Various  Poisons, 
Mineral,  Vegetable,  and  Animal.  To  which  are  added  concise  Directions 
for  the  Treatment  of  Suspended  Animation.  By  William  Stowe, 
M.R.C.S.E.  Thirteenth  Edition  . . . . Sheet,  2s. ; Roller,  5s. 


H.  Beasley 

THE  POCKET  FORMULARY  AND  SYNOPSIS 
OF  THE  BRITISH  AND  FOREIGN  PHARMACOPCEIAS  : contain- 
ing all  the  Formulas  of  the  B.P.  of  1885,  and  comprising  Standard, 
approved,  and  most  recent  Formulce  for  the  Preparations  and  Compounds 
employed  in  Medical  Practice.  By  Henry  Beasley.  Eleventh  Edition. 

i8mo,  6s.  6d. 

By  the  same  Author 


THE  DRUGGIST’S  GENERAL  RECEIPT-BOOK: 

Comprising  a Copious  Veterinary  Formulary  ; Numerous  Recipes  in 
Patent  and  Proprietary  Medicines,  Druggists’  Nostrums,  &c. ; Perfumery, 
and  Cosmetics ; Beverages,  Dietetic  Articles  and  Condiments  ; Photo- 
graphic Chemicals  and  Formulae  ; Trade  Chemicals  ; Scientific  Processes  ; 
and  an  Appendix  of  Useful  Tables.  Ninth  Edition  . i8mo,  6s.  6d. 


Also 


THE  BOOK  OF  PRESCRIPTIONS  : Containing  upwards  of 
3,000  Prescriptions  collected  from  the  Practice  of  the  most  eminent 
Physicians  and  Surgeons.  English  and  Foreign.  Comprising  also  a Com- 
pendious History  of  the  Materia  Medica,  Lists  of  the  Doses  of  all  Official 
or  Established  Preparations,  and  an  Index  of  Diseases  and  Remedies. 
Sixth  Edition.  i8mo,  6s.  6d. 

“Mr.  Beasley’s  'Pocket  Formulary,’  reference  admirably  suited  for  the  dispens- 
Druggist’s  Receipt-Book,’  and  ‘Book  of  ingdesk.” — Chemist  and  Druggist. 
Prescriptions’  form  a compact  library  of 
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THE  PHARMACEUTICAL  JOURNAL  AND  TRANSAC- 

TIONS. Published  weekly.  Price  4d.  Annual  subscription,  post  free,  20s. 
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THE  YEAR-BOOK  OF  PHARMACY : Containing  the 

Proceedings  at  the  Yearly  Meeting  of  the  British  Pharmaceutical  Con- 
ference, and  a Report  on  the  Progress  of  Pharmacy,  which  includes  notices 
of  all  Pharmaceutical  Papers,  new  Processes,  Preparations,  and  Formulae 
published  throughout  the  world.  Published  annually  in  December. 

8vo,  1873  to  1S85 — los.  each  yearly  volume. 
General  Index  to  the  Volumes  for  1864  to  1885  inclusive  . . 3s.  6d. 


G.  C.  Wittsleiu 

PRACTICAL  PHARMACEUTICAL  CHEMISTRY : An 

Explanation  of  Chemical  and  Pharmaceutical  Processes  ; with  the  Methods 
of  Testing  the  Purity  of  the  Preparations,  deduced  from  Original  Experi- 
ments. By  Dr.  G.  C.  WiTTSTEiN.  Translated  from  the  Second  German 
Edition  by  Stephen  Darby i8mo,  6s. 

“ It  would  be  impossible  too  strongly  to  recommend  this  work  to  the  beginner,  for  the 
completeness  of  its  explanations,  by  following  which  he  will  become  well  grounded 
in  practical  chemistry.” — From  the  Introduction  by  Dr.  Buchner. 
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A PHARMACOPCEIA,  INCLUDING  THE  OUTLINES  OF 
. MATERIA  MEDICA  AND  THERAPEUTICS,  for  the  Use  of  Prac- 
titioners and  Students  of  Veterinary  Medicine.  By  Richard  V.  TusOn, 
F.C.S.,  Professor  of  Chemistry,  Materia  Medica  and  Toxicology  at 
the  Royal  Veterinary  College.  Third  Edition  . . Post  8vo,  7s.  6d. 

“ Not  only  practitioners  and  students  of  want  in  veterinary  literature.” — Chemist 
veterinary  medicine,  but  chemists  and  and  Druggist. 
druggists  will  find  that  this  book  supplies  a 
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THE  VETERINARIAN’S  POCKET  REMEMBRANCER: 

being  Concise  Directions  for  the  Treatment  of  Urgent  or  Rare  Cases 
embracing  Semeiology,  Diagnosis,  Prognosis,  Surgery,  Therapeutics’ 
Toxicology,  Detection  of  Poisons  by  their  Appropriate  Tests,  Hygiene,  &c.’ 
By  George  Armatage,  M.R.C.V.S.  Second  Edition.  . Post  8 vo,  3s'. 

W.  Williams 

THE  PRINCIPLES  AND  PRACTICE  OF  VETERINARY 
MEDICINE,  By  William  Williams,  F.R.C.V.S.,  F.R.S.E.,  Principal, 
and  Professor  of  Veterinary  Medicine  and  Surgery  at  the  New  Veterinary 
College,  Edinburgh.  Fourth  Edition,  with  several  Coloured  Plates  and 
Woodcuts.  . . . . . . 8vo.  30s. 

By  the  same  Author 

THE  PRINCIPLES  AND  PRACTICE  OF  VETERINARY 

SURGERY.  Fifth  Edition.  With  Plates  and  139  Woodcuts. 

8vo,  30s. 
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jR.  Bentley  and  H.  Trinie7i 

MEDICINAL  PLANTS:  being  Descriptions  with  Original 
Figures  of  the  Principal  Plants  employed  in  Medicine,  and  an  Account 
of  their  Properties  and  Uses.  By  Robert  Bentley,  F.L.S.,  Professor 
of  Botany  in  King’s  College,  and  to  the  Pharmaceutical  Society  ; and 
Henry  Trimen,  M.B.,  F.L.S.,  Lecturer  on  Botany  in  St.  Mary’s 
Hospital  Medical  School.  In  4 Vols.,  large  8vo,  with  306  Coloured  Plates 
bound  in  half  morocco,  gilt  edges,  £ii  iis. 
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R.  Bentley 

A MANUAL  OL  BOTANY : Including  the  Structure,  Func- 
tions, Classifications,  Properties,  and  uses  of  Plants.  By  Robert 
Bentley,  F.L.S.,  Professor  of  Botany,  King’s  College,  and  to  the 
Pharmaceutical  Society.  Fourth  Edition,  with  1,185  Engravings. 

Crown  8vo,  15s. 

“As  the  standard  manual  of  botany  its  position  is  undisputed.’’ — Chemist  and 

Dniggist. 

By  the  same  Author 

THE  STUDENT’S  GUIDE  TO  STRUCTURAL,  MOR- 
PHOLOGICAL, AND  PHYSIOLOGICAL  BOTANY.  With  660 
Engravings  . . . • Fcap.  8vo,  7s.  6d 

Also 

THE  STUDENT’S  GUIDE  TO  SYSTEMATIC  BOTANY, 

including  the  Classification  of  Plants  and  Descriptive  Botany.  With 
357  Engravings  ....  Fcap.  8vo,  3s.  6d. 
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IV.  B.  Carpe7iter 

THE  MICROSCOPE  AND  ITS  REVELATIONS.  By 

W.  B.  Carpenter,  C.B.,  M.D.,  F.R.S.  Sixth  Edition,  with  26  Plates, 
502  Wood  Engravings,  and  a Coloured  Frontispiece  . Crown  8vo.,  i6s. 

***  The  author  has  aimed  to  combine  within  a moderate  compass  that  information  in 
regard  to  the  use  of  his  instrument  and  its  appliances,  which  is  most  essential  to  the 
working  microscopist,  with  such  an  account  of  the  objects  best  fitted  for  his  study  as  may 
qualify  him  to  eomprehend  what  he  observes,  and  thus  prepare  him  to  benefit  science, 
whilst  expanding  and  refreshing  his  own  mind. 
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THE  QUARTERLY  JOURNAL  OF  MICROSCOPICAL 

SCIENCE.  (Established  in  1852.)  Edited  by  E.  Ray  Lankester,  M.A., 
F.R.S.,  F.L.S.,  Professor  of  Zoology  in  University  College,  London  ; with 
the  co-operation  of  W.  T.  Thiselton  Dyer,  M.A.,  F.R.S.,  F.L.S., 
E.  Klein,  M.D.,  F.R.S. , H.  N.  Moseley,  M.A.,  F.R.S.,  F.L.S.,  and 
Adam  Sedgwick,  M.A.  . . . Each  Number,  los. 

* V Most  of  the  Memoirs  are  illustrated  by  Woodcuts  and  Lithographic  Plates,  many 
being  Coloured.  The  Journal  contains,  in  addition.  Notes  and  Memoranda,  Reviews  of 
Books,  Quarterly  Chronicle,  and  Proceedings  of  Societies. 
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S.  Marsh 

SECTION  CUTTING  : a Practical  Guide  to  the  Preparation 

and  Mounting  of  Sections  for  the  Microscope,  special  prominence  being 
given  to  the  subject  of  Animal  Sections.  By  Dr.  Sylvester  Marsh. 
Second  Edition,  with  17  Engravings  ....  Fcap.  8vo,  3s.  6d. 


y.  H.  Martin 

A MANUAL  OF  MICROSCOPIC  MOUNTING;  with  Notes 

on  the  Collection  and  Examination  of  Objects.  By  John  H.  Martin, 
Member  of  the  Society  of  Public  Analysts,  author  of  “ Microscopic  Objects.” 
Second  Edition.  With  150  Engravings  ....  8vo,  7s.  6d. 
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yl.  B.  Lee 

THE  MICROTOMISrS  VADE-MECUM : a Handbook  of  the 

Methods  of  Microscopic  Anatomy,  comprising  upwards  of  600  Formulm 
and  Methods  collected  from  the  practice  of  the  best  workers.  By  Artfiur 
Bolles  Lee  . : . . Crown  8vo,  8s.  6d. 
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J.  Fayrcr 

THE  THANATOPHIDIA  OF  INDIA ; being  a Description 
of  the  Venomous  Snakes  of  the  Indian  Peninsula.  With  an  Account  of 
the  Influence  of  their  Poison  on  Life,  and  a Series  of  Experiments.  By 
Sir  J.  Fayrer,  K.C.S.I.,  LL.D.,  M.D.,  F.R.  S.,  Physician  to  the  Secretary 
of  State  for  India  in  Council  ; late  President  of  the  Asiatic  Society  of 
Bengal.  Second  Edition,  with  31  Plates  (28  Coloured)  . Folio,  7/.  7s. 

y.  Ewart 

THE  POISONOUS  SNAKES  OF  INDIA.  Compiled  by 

Joseph  Ewart,  M.D.,  F.R.C.P.,  Surgeon-Major  in  the  Bengal  Army 
President  of  the  Snake  Poison  Commission.  With  21  Plates  (19  being 

Coloured) . Crown  4to,  31s.  6d. 
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A.  Chauveau  and  G.  Flemmg 

CHAUVEAU’S  COMPARATIVE  ANATOMY  OF  THE 

DOMESTICATED  ANIMALS.  Translated  from  the  Second  French 
Edition,  and  Edited  by  George  Fleming,  F.R.G.S.,  Veterinary  Suro-eon 
Royal  Engineers  ; Author  of  “Travels  on  Horseback  in  Mantchu  Tarrary  ’’ 
“ Horse-shoes  and  Horse-shoeing,”  “ Animal  Plagues,”  etc.  With  450 
Engravings  .....  8vo,  31s.  6d. 

“ We  have  nothing  but  praise  to  bestow  on  the  manner  in  wliich  Mr.  Fleming  has 
performed  his  work.” — Medico- Chimrgical  Rev jczu.  ° 

y.  Shea 

A MANUAL  OF  ANIMAL  PHYSIOLOGY.  With  Appendix 

of  Examination  Questions.  By  John  Shea,  M.D.,  B.A.  Lond  With 
numerous  Engravings Fcap  8vo,  5s.  6d. 
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T.  H.  Huxley 

A MANUAL  OF  THE  ANATOMY  OF  INVERTEBRATED 

ANIMALS.  By  Prof.  Huxley,  LL.D.,  F.R.S.  With  158  Engravings. 

Post  8vo,  1 6s. 

By  the  same  A^Uhor 


A MANUAL  OF  THE  ANATOMY  OF  VERTEBRATED 

* ANIMALS.  With  1 10  Engravings  ....  Post  8vo,  12s. 
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PV.  M.  0?'d 

NOTES  ON  COMPARATIVE  ANATOMY:  a Syllabus  of 

a Course  of  Lectures  delivered  at  St.  Thomas’s  Hospital.  By  William 
Miller  Ord,  M.B.  Lond.,  M.R.C.P.,  Physician  to  the  Hospital,  and  Lec- 
turer in  its  Medical  School  ......  Crown  8vo,  5s. 
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y.  R.  Greene 

TABLES  OF  ZOOLOGY : indicating  the  Tribes,  Sub-Orders, 
Orders,  and  Higher  Groups  of  the  Animal  Kingdom,  for  Students,  Lec- 
turers, and  others.  By  J.  Reay  Greene,  M.D.,  late  Professor  of  Natural 
History  in  the  Queen’s  University  in  Ireland.  Three  large  sheets,  5s. 
the  set;  or,  mounted  on  canvas,  with  roller  and  varnished  . . 12s.  6d. 
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A.  Wilson 

THE  STUDENT’S  GUIDE  TO  ZOOLOGY: 

A Manual  of  the  Principles  of  Zoological  Science.  By  Andrew  Wilson, 
Author  of  Elements  of  Zoology,”  and  Lecturer  on  Zoology,  Edinburgh. 
With  Engravings  .......  Fcap  8vo,  6s.  6d. 

0 

F.  Kohlrausch 

AN  INTRODUCTION  TO  PHYSICAL  MEASUREMENTS. 

With  Appendices  on  Absolute  Electrical  Measurement,  etc.  By  Dr.  F. 
Kohlrausch,  Professor  in  Ordinary  at  the  University  of  Wurzburg. 
Second  Edition.  Translated  from  the  Fourth  German  Edition  by  T.  H. 
Waller,  B.A.,  B.Sc.,  and  H.  R.  Procter,  F.C.S.  With  37  Engravings. 

8vo,  15s. 

y . C.  Draper 

A TEXT-BOOK  OF  MEDICAL  PHYSICS,  for  the  Use  of 

Students  and  Practitioners  of  Medicine.  By  JOHN  C.  Draper,  M.D., 
LL.D.,  Professor  af  Chemistry  and  Physics  in  the  Medical  Department  of 
the  University  of  New  York.  With  377  Engravings  . Svo,  i8s. 
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G.  F.  Rodwell 

NOTES  ON  NATURAL  PHILOSOPHY 

Lectures  delivered  at  Guy’s  Hospital,  by  G.  F.  Rodwell,  F.R.A.S., 
Science  Master  in  Marlborough  College.  With  48  Engravings. 

Fcap  8vo,  5s. 
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L.  Price 

A MANUAL  OF  PHOTOGRAPHIC  MANIPULATION. 

By  Lake  Price.  Second  Edition,  with  numerous  Engravings. 

Crown  8vo,  6s.  6d. 

***  Amongst  the  Contents  are  the  Practical  Treatment  of  Portraits — Groups  in  the 
Studio — Landscapes — Groups  in  Open  Air — Instantaneous  Pictures — Animals — Architec- 
ture— Marine  Subjects — Still  Life — Copying  of  Pictures,  Prints,  Drawings,  Manuscripts, 
Interiors — Stereoscopy  in  Microphotography,  &c.,  and  Notices  of  the  last  Inventions 
and  Improvements  in  Lenses,  Apparatus,  &c. 
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T.  F.  Hardwick  and  J.  Traill  Taylor 

HARDWICH’S  MANUAL  OF  PHOTOGRAPHIC  CHE- 
MISTRY, Theoretical  and  Practical.  Ninth  Edition.  By  J.  Traill 
Taylor,  Editor  of  the  Photographic  Times  and  American  Photog7'apher^ 
and  formerly  Editor  of  the  British  Journal  of  Photography.  With  57 
Engravings.  ........  Fcap.  8vo.  7s.  6d. 

C.  B,  Fox 

OZONE  AND  ANTOZONE  : their  History  and  Nature.  By 
Cornelius  B.  Fox,  M.U.,  late  Medical  Officer  of  Health  for  Central 
and  East  Essex.  With  Coloured  Plates  . . 8vo,  12s.  6d. 
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C.  Ekin 

POTABLE  WATER:  How  to  form  a Judgment  on  the 

Suitableness  of  Water  for  Drinking  Purposes.  Addressed  to  Medical 
Officers  of  Health,  and  Sanitary  Authorities,  &c.  Second  Edition.  By 
Charles  Ekin,  F.C.S.  . . . Crown  8vo,  2s. 

R.  Dunglison 

MEDICAL  LEXICON:  A DICTIONARY  OF  MEDICAL 

SCIENCE.  Containing  a Concise  Explanation  of  the  various  Subjects 
and  Terms  of  Anatomy,  Physiology,  Pathology,  Hygiene,  Therapeutics, 
Pharmacology,  Pharmacy,  Surgery,  Obstetrics,  Medical  Jurisprudence,  and 
Dentistry,  Notices  of  Climate  and  of  Mineral  Waters,  Formula  for  Officinal 
Empirical,  and  Dietetic  Preparations  ; with  the  Accentuation  and  Etymo- 
logy of  the  Terms,  and  the  French  and  other  Synonyms.  By  Robley 
Dunglison,  M.D.  New  Edition,  by  Richard  J.  Dunglison,  M.D. 

Royal  8vo  (1,130  pp.),  28s. 
“This  title,  ambitious  and  exhaustible  as  it  is,  simply  and  truthfully  describes  this 
most  valuable  and  learned  work,  which  briefly  but  distinctly  gives  any  one  who  consults 
it,  in  the  most  accessible  form,  a vast  amount  of  information  on  medical  terminology  of 
all  kinds.  ” — Edinburgh  Medical  Journal. 
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R.  G.  Mayne  and  J.  Mayne 


MEDICAL  VOCABULARY  : being  an  Explanation  of  all 

Names  and  Phrases  used  in  the  various  departments  of  Medical  Science 
and  Practice,  giving  their  Derivation,  Meaning,  Application,  and  Pro- 
nunciation. Fifth  Edition  . . . Pcap  8vo,  los.  6d. 


“We  have  refen*ed  to  this  work  hundreds 
of  times,  and  have  always  obtained  the  in- 
formation we  required  . . . Chemical, 


Botanical,  and  Pharmaceutical  Terms  are 

to  be  found  on  almost  every  page.” 

Che?nist  and  Druggist. 
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C.  J.  & A.  ChurchiW s Catalogue  of  Text  Books  specially  a^'ranged 

for  Students. 
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